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ABSTRACT 
The main objective of the current study was to compare nutrient intake, water intake, nutrient 
digestibility, nitrogen and water balance, growth performance and carcass attributes of six 
South African sheep breeds kept under feedlot conditions. Fifty-seven, 4 to 5 months old 
wether lambs of pure indigenous (Pedi and Damara), indigenous composite (Meatmaster and 
Dorper) and exotic composite (Merino and Dohne Merino) wethers were used for the 
digestibility and growth trials. They were fed a pelleted total mixed ration containing 143.5 g 
crude protein (CP)/ kg DM and 10.29 MJ/ kg DM metabolisable energy. The wethers were 
adapted to the diet for 21 days, followed by 7 days of sample collection for digestibility trial 
and 42 days for growth trial. Breed had an influence on nutrient intake with Meatmaster having 
the highest dry matter (DM), organic matter (OM), CP, ash-free neutral detergent fibre 
(aNDFom) and ether extract (EE) intake followed by Damara, with Pedi having the least values 
(P ≤ 0.05). Damara and Meatmaster had higher (P ≤ 0.05) DM digestibility than the rest of the 
breeds. The aNDFom digestibility was in the following order: Dorper ≥ Merino ≥ Meatmaster 
≥ Damara ≥ Dohne Merino ≥ Pedi. Damara had higher (P ≤ 0.05) ether extract digestibility 
than the rest of the breeds. Meatmaster had the highest total N intake (feed + microbial N) and 
faecal N compared to other breeds (P ≤ 0.05). Relative to other breeds, Meatmaster and Damara 
had higher (P ≤ 0.05) N retention. Meatmaster, Dohne Merino, Damara and Dorper had higher 
(P ≤ 0.05) positive water balance than Merino and Pedi. Average daily gain was highest for the 
Meatmaster and Damara, moderate for Dorper and Pedi and lowest for the Merino and Dohne 
Merino (P ≤ 0.05). The feed conversion ratio was lowest for the Pedi with Dohne Merino 
having the highest ratio (P ≤ 0.05). The Pedi drank the least amount of water while Meatmaster 
drank the highest (P ≤ 0.05). Dohne Merino had the highest water to gain ratio while Pedi had 
the least (P ≤ 0.05). Hot and cold carcass weights and dressing percentage were lower (P ≤ 
0.05) for the Damara and Pedi lambs compared to other breeds. Dohne Merino had the highest 
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income over feed costs and Pedi had the least (P ≤ 0.05). It was concluded that although 
Meatmaster had somewhat lower economic returns than Dohne Merino, the most common 
feedlot breed in South Africa, it had comparable water balance and carcass attributes and better 
nutrient intake, DM digestibility, N balance, growth rates and water utilisation efficiency 
making it a more suitable feedlot breed in water-scarce areas. Damara and Pedi had inferior 
carcass attributes and economic returns, but were the most water and feed efficient breeds, 
which could make them breeds of choice under extreme water scarcity conditions, particularly 
for small-scale feedlotters. The reported breed differences present an opportunity for producers 
to adopt breeds that suit their production systems and markets. Moreover, current findings 
provide opportunities for selective breeding and further development of feedlot sheep breeds 
to cope with water scarcity.  
Keywords: Digestibility, Feed intake, Feedlot, Growth performance, Indigenous breeds, 
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OPSOMMING 
Die hoofdoel van die huidige studie was om voedingstofinname, waterinname, 
voedingstofverteerbaarheid, stikstof- en waterbalans, groeiprestasie en karkaseienskappe van 
ses Suid-Afrikaanse skaaprasse wat onder voerkraaltoestande aangehou was, te vergelyk. 
Sewe-en-vyftig, 4-5 maand oue hamels van inheemse (Pedi en Damara), inheems saamgestelde 
(Meatmaster en Dorper) en eksoties saamgestelde (Merino en Dohne Merino) rasse is gebruik 
in die studie. Al die lammers is gevoer met 'n verpilde totale gemengde rantsoen (143.5 g 
ruproteïen (CP)/kg, droë materiaal (DM) en 10.29 MJ/kg DM metaboliseerbare energie. Die 
hamels is aangepas op die dieet vir 21 dae, gevolg deur sewe dae van monsterversameling vir 
die verteerbaarheidsproef, en 42 dae vir die groeiproef. Ras het 'n invloed op 
voedingstofinname gehad, met die Meatmaster ras wat die hoogste inname gehad het, en die 
Pedi ras die laagste inname. Die Damara en Meatmaster rasse was meer doeltreffend in terme 
van vertering van die voer, in vergelyking met die ander rasse. Die asvrye neutrale 
veselverteerbaarheid wat aangemeld is, was die hoogste in die Dorperras, en die laagste in die 
Pedi-ras. Die Damara hamels het hoër (P ≤ 0.05) eterekstrak verteerbaarheid in vergelyking 
met die res van die rasse getoon; die Meatmaster hamels het die hoogste totale N-inname (voer 
+ mikrobiese N) en fekale N in vergelyking met ander rasse (P ≤ 0.05) getoon en die 
Meatmaster en Damara hamels het hoër (P ≤ 0.05) N-retensie gehad in vergelyking met die 
ander rasse. Die Meatmaster-, Dohne Merino-, Damara- en Dorperrasse is gekenmerk deur 'n 
hoër positiewe waterbalans, in vergelyking met die Merino- en Pedi-rasse. Gemiddelde 
daaglikse toename was die hoogste in die Meatmaster en Damara rasse, matig in die Dorper en 
Pedi rasse, en die laagste in die Merino en Dohne Merino rasse. Die Pedi-ras het die laagste 
voeromsettingsverhouding gehad en die Dohne Merino-ras met die hoogste (P ≤ 0.05). Die 
waterinname wat aangeteken is, was die hoogste in die Meatmaster ras en die laagste in die 
Pedi ras. Die Dohne Merino hamels het die hoogste water-tot-toename-verhouding gehad 
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terwyl die Pedi hamels die minste gehad het (P ≤ 0.05). Warm en koue karkasgewigte, en 
uitslagpersentasies, was laer vir die Damara- en Pedi hamels, in vergelyking met die ander 
rasse. Die inkomste bo voerkoste wat waargeneem is, was die hoogste vir die Dohne Merino 
ras en die laagste vir die Pedi ras. Daar is tot die gevolgtrekking gekom dat alhoewel 
Meatmaster effens laer ekonomiese opbrengste gehad het as die Dohne Merino, die mees 
algemene voerkraalras in Suid-Afrika, dit vergelykbare waterbalans en karkas eienskappe en 
beter voedingstofinname, DM verteerbaarheid, N balans, groeitempo en waterbenutting 
doeltreffendheid gehad het. Dit blyk dus 'n meer geskikte voerkraalras in waterskaars gebiede. 
Die Damara en Pedi rasse het minderwaardige karkaseienskappe en ekonomiese opbrengste 
gehad, maar was die mees water- en voerdoeltreffende rasse, wat hulle voorkeurrasse kon maak 
onder uiterste waterskaarste toestande. Boonop bied huidige bevindings geleenthede vir 
selektiewe teling en verdere verbetering van voerkraal skaaprasse om waterskaarste die hoof 
te bied. 
Sleutelwoorde: Verteerbaarheid, Voerinname, Voerkraal, Groeiprestasie, Inheemse rasse, 
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Chapter 1: Introduction 
1.1 Background 
South Africa has a sheep flock size of about 22.1 million (FAO, 2019) with a 
commercial herd of 19.4 million sheep (Directorate Statistics and Economic Analysis, 2020) 
and the remainder are owned by smallholder farmers. Despite the small population in the 
smallholder sector, sheep are a major contributor to the livelihood of smallholder farmers, the 
majority of whom are in the arid and semiarid areas of South Africa (Cloete and Olivier, 2010). 
They are not only a source of food and income but play important cultural functions and provide 
social security (Alary et al., 2016; Molotsi et al., 2017). Sheep have a more varied diet, short 
gestation period, high prolificacy and small size compared to large ruminants (Gibb and Orr, 
1997; Cherian, 2009), and can thrive in areas where intensive agriculture production could 
otherwise fail (Alary et al., 2016; Akinmoladun et al., 2019). In the drier parts of South Africa, 
sheep production is, however, largely limited by scarcity of drinking water and feed  (Nel and 
Davies, 2002; Obidike, 2011; Taylor, 2012), especially for the smallholder communities.  
The vulnerability of smallholder farmers to water and feed scarcity challenges is 
exacerbated by lack of capacity, good governance, and resources to invest in water 
infrastructure (Mpandeli and Maponya, 2014). Inadequate water supply negatively affects 
sheep’s physiological homeostasis, immunity, feed intake, nutrient digestibility and utilisation, 
growth and carcass weights (Chedid et al., 2014; Mpendulo et al., 2020). In a bid to cope with 
water scarcity in sheep producing areas, governments have developed and implemented water 
saving laws and policies and provided incentives for animal products with low water-footprints 
(Hoekstra and Mekonnen, 2012). At farm level, there is a paradigm shift towards finishing 
lambs in feedlots due to water scarcity and sustained high prices for the lamb meat (Ferguson 
et al., 2014; Akinmoladun et al., 2019). Farmers are also adopting indigenous breeds and their 
crosses with low water and feed requirements (Hlophe, 2011; Schroeder, 2019). Indigenous 
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sheep breeds are storehouses of genetic materials which make them better adapted to the local 
harsh environmental conditions than the exotic breeds (Forbes, 1968; Silanikove, 1989; 
Schoeman and Visser, 1995; Murphy, 2010; Chedid et al., 2014). Use of indigenous breeds 
may, therefore, improve viability of sheep production in the arid and semiarid areas. 
South Africa has about 27 known sheep breeds with nine indigenous breeds (Soma et 
al., 2012; Molotsi, Dube and Cloete, 2020). Indigenous breeds found in South Africa include 
Blackhead Persian, Damara, Namaqua Afrikaner, Hottentot, Ronderib Afrikaner, Nguni, Pedi, 
Swazi and Zulu (Kunene, Nesamvuni and Fossey, 2007; Cloete and Olivier, 2010; Almeida, 
2011; Soma et al., 2012; Molotsi, Dube and Cloete, 2020). Damara (Almeida, 2011), Namaqua 
Afrikaner (Cloete et al., 2013) and Nguni (Hlophe, 2011) outperform exotic breeds for adaptive 
traits. A study by Schoeman and Visser (1995) showed that Blackhead Persian had lower water 
requirements, displayed less thermal discomfort and less distorted metabolism than Dorper and 
South African Mutton Merino (SAMM) when faced with water scarcity. The Damara is 
superior to the SAMM in its ability to maintain plasma changes during dehydration by 
excreting more concentrated urine (Stockman, 2006). Damara sheep can tolerate extreme water 
temperature and limited water supply (Buduram, 2004). Namaqua Afrikaner sheep showed 
significantly lower tick counts than SAMM and Dorper (Schroeder, 2019). However, there is 
limited information regarding the water requirements, nutrient utilisation and production 
attributes of South African sheep breeds. Therefore, the aim of the current research was to 
evaluate the potential of using local sheep breeds as a key water scarcity mitigation strategy 
for the South African sheep industry. 
1.2 Justification 
Sheep in the dryland areas of South Africa are faced with severe drinking water 
scarcity. Several water scarcity mitigation strategies can be implemented by farmers in the 
dryland areas although, the most effective strategy would be to use sheep breeds that require 
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less water intake for optimal meat production (Chedid et al., 2014). However, information on 
water intake, nutrient digestibility and utilisation, growth and carcass attributes of South 
African sheep breeds, especially indigenous ones is scarce. With this knowledge, farmers could 
finish adapted sheep breeds in the feedlot and take advantage of reduced water and feed costs, 
and the prevailing high lamb prices. Another benefit of intensive production is that farmers 
supply water to animals and closely monitor its usage thereby reducing wastage. Thus, 
understanding water requirements and production efficiency of different South African sheep 
breeds is not only crucial in reducing production costs but could promote commercialisation of 
the neglected and underutilised breeds. In future, animal products with a low water footprint 
will receive a premium, giving them a relative advantage over products with high water 
footprints (Hoekstra and Mekonnen, 2012). 
1.3 Objectives 
The main objective of the current study was to determine water intake, nutrient utilisation and 
production attributes of Damara, Dohne Merino, Dorper, Meatmaster, Merino and Pedi sheep 
breeds under feedlot conditions. 
The specific objectives were to: 
i. Evaluate water balance, nutrient intake, digestibility and utilisation in selected South 
African sheep breeds under feedlot conditions and; 
ii. Determine water intake, growth performance and carcass attributes of selected South 
African sheep breeds under feedlot conditions. 
1.4 Hypotheses 
i. The selected South African sheep breeds have similar water balance, nutrient intake, 
nutrient digestibility and utilisation.  
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ii. Water intake, growth and carcass attributes of selected South African sheep breeds are 
not different. 
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Chapter 2  
Literature review 
2.1 Introduction 
Globally, agriculture uses about 70% of fresh-water resources making it the world’s 
largest consumer (Rojas-Downing et al., 2017). Although water has previously been denoted 
as a readily available renewable natural resource (Brew et al., 2011; Ahlberg et al., 2019) this 
is changing as many countries are faced with severe water scarcity. It is predicted that by 2055, 
64% of the world’s population will be living in water-stressed basins and 33% in areas of 
absolute water scarcity (Schlink, Nguyen and Viljoen, 2010; Harhay, 2011; Jaber, Chedid and 
Hamadeh, 2013; Chedid et al., 2014). South Africa is a water scarce country with most of its 
land area ranging from arid to semiarid with an average annual rainfall of 464 mm (Schoeman, 
Cloete and Olivier, 2010; Kruger and Nxumalo, 2017). The highest and lowest average daily 
temperatures in 2019, taken from several weather stations around the country were 38.2 °C and 
-0.2 °C, respectively (South African Weather Service, 2020).  
Various areas in South Africa, especially the Cape Provinces (i.e., Western Cape, 
Northern Cape and Eastern Cape) have been experiencing a series of severe water scarcity in 
recent years (Araujo, Abiodun and Crespo, 2016; Botai et al., 2017) such that they were 
recently declared national disasters (Department of Cooperative Governance, 2018). Water 
scarcity affects livestock production by reducing feed and drinking water supplies and 
increasing occurrence of diseases and parasites (Kosgey and Okeyo, 2007; Cloete et al., 2014; 
Sejian et al., 2015; van Marle-Köster and Visser, 2018). To prevent the effects of water scarcity 
in the arid and semiarid, it is important to produce crops and animals that demand less water 
(Rojas-Downing et al., 2017). 
Small ruminants (i.e., sheep and goats) are better adapted to hot environments and can 
conserve water in their rumen at elevated temperatures for later use during shortfall 
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(Silanikove, 1992; Joy et al., 2020). Due to their small size, sheep have minimal water 
requirements, a remarkable tolerance to drought conditions and can maintain their intake of dry 
matter (DM; Al-Dawood, 2017; Mpendulo et al., 2020). They have lower feed requirements, 
can utilise a wide range of feedstuffs, have a shorter gestation period, higher prolificacy and 
minimal capital requirements compared to large ruminants (Kosgey and Okeyo, 2007; 
Akinmoladun et al., 2019; Chikwanha et al., 2021). Sheep reduce water loss by reabsorbing 
water in the gut and voiding drier pellets, excreting about 13 - 24% faecal water, compared to 
30 - 32% by cattle (Cherian, 2009; Schlink, Nguyen and Viljoen, 2010). Sheep’s ability to 
graze closely to the ground and ability to walk long distances make them suitable species in 
arid and semiarid areas (Kochewad et al., 2017).  
The current South African human population is approximately 59.6 million (StatsSA, 
2020) thus, the projected population growth will further put pressure on water resources as the 
demand for animal protein increases (Nkosi and Ratsaka, 2010; Beede, 2012; Shinde and 
Sejian, 2013; Kebebe et al., 2015; Sejian et al., 2015). Several water scarcity adaptation and 
mitigation strategies that can be implemented include the following: use of sustainable fodder 
production and rangeland management practices (Salem and Smith, 2008; Mekonnen and 
Hoekstra, 2011), succulent feed resources (Araújo et al., 2010), sustainable harvesting and 
retention of freshwater resources (Enfors and Gordon, 2008), and rearing sheep breeds tolerant 
to water stress or which have high water utilisation efficiency (Jaber, Chedid and Hamadeh, 
2013; Chedid et al., 2014; Araújo et al., 2020). The current review, therefore, explores the 
potential of using adapted sheep breeds as a potential water scarcity mitigation strategy for the 
South African sheep meat industry.  
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2.2 South African sheep industry  
2.2.1 Sheep numbers, production trends and distribution 
Sheep numbers in South Africa have been on a downward trend since 2014 (Figure 
2.1). This could be linked to an increase in predation, organised stock theft, economic 
instability and droughts (Cloete and Olivier, 2010; Department of Agriculture, 2021). 
Specifically, there was an abrupt decline in 2016 due to water scarcity from the severe drought, 
which lasted for over three years in the main sheep production areas of South Africa (Cornelius, 
2020). Overall, the sheep numbers are expected to remain low, as farmers are restoring their 
flocks (Cornelius, 2020).
 
Figure 2.1 Sheep production trends in South Africa  
Source:(Directorate Statistics and Economic Analysis, 2020)
South Africa has over 20 sheep breeds with the dominant composite ones in the 
commercial sector being the Dohne Merino, Dorper and South African Mutton Merino 
(SAMM) while Merino is the most common exotic breed (Cloete et al., 2013). Pure indigenous 
breeds such as the Damara, Blackhead Persian, Nguni and Namaqua Afrikaner are more 
prominent among smallholder farmers (Molotsi, Dube and Cloete, 2020). These breeds can be 
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Blackhead Persian, Dorper, Ile de France, Meatmaster, Pedi and Damara) or a combination 
(dual-purpose) of the two (e.g., Afrino, Dohne Merino, Dormer, SAMM (Cloete and Olivier, 
2010). Indigenous breeds are categorised as either thin tailed with hair, thin tailed with wool, 
fat-tailed or fat-rumped (Soma et al., 2012; Van der Merwe Brand 2020a). Fat-tailed breeds 
are considered as hardy because they are tolerant to heat and water stress and have an inherent 
ability to resist diseases and parasites (Du Toit, 2008; Cloete et al., 2014; FAO, 2016; 
Akinmoladun et al., 2019). Indigenous breeds play a pivotal role in the South African economy 
as they are mostly reared by smallholder farmers who rely on them for food, income and 
cultural needs (Oosthuizen, 2018; van Marle-Köster and Visser, 2018). 
Overall, sheep production in South Africa is distributed in all its nine provinces as 
shown in Figure 2.2. It can be noted that the Damara, Namaqua Afrikaner, Blackhead Persian 
are more prominent towards the Cape Provinces as they are adapted to arid areas, while the 
composite breeds i.e., SAMM and Dorper (Cloete and Olivier, 2010) thrive in arid to semiarid 
areas (towards Northern Cape, North-West, Free State and Gauteng). The Dohne Merino is 
dominant in the Western Cape Province and western parts of the Eastern Cape at 37.6% and 
34.3%, respectively. The Merino is the dominant breed in South Africa with 60.9% in the 
eastern part of Eastern Cape province and 44.0% in the Karoo region. 
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Figure 2.2 Map depicting provincial sheep breed distribution in South Africa  
Source: (Cloete and Olivier, 2010) 
2.2.2 Sheep production systems in South Africa 
There are three sheep production systems in South Africa: intensive system which is 
both capital and labour intensive, semi-intensive where animals are housed but allowed to graze 
outside, and extensive farming which requires the least resources and utilises the pastures 
(Sankatane, 2018; Van Der Merwe, Brand and Hoffman, 2020c). Upon weaning, producers can 
either rear their lambs on pasture, cereal stubble, or concentrate diets in feedlots (Brand et al., 
2017). The intensive system which is mostly adopted by commercial farmers requires huge 
capital, with sizeable investments in facilities and the supply of total mixed rations (Loubser, 
2019). The extensive system, largely adopted by smallholder farmers is not capital intensive 
and adopts a low-cost approach (Loubser, 2019). The semi-intensive system is intermediary 
adopting a combination of both production systems. 
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2.2.2.1. Extensive production 
Pasture lambing system offers some very positive benefits of lower costs of 
production due to less demand of labour and pre-harvested feeds (De Brito, Ponnampalam and 
Hopkins, 2017). Extensive feeding systems can include rain fed (natural), irrigated, dryland, 
winter, green, and senesced pastures (Thornton et al., 2009; De Brito, Ponnampalam and 
Hopkins, 2017). In South Africa, due to the large areas undergoing hyper-arid, arid and 
semiarid conditions, sheep farming is mostly extensive with indigenous breeds such as the 
Damara, Pedi, Nguni, Namaqua Afrikaner and Blackhead Persian and their composites (e.g., 
Dorper and Meatmaster) being the most suited for this system (Kunene, Nesamvuni and 
Fossey, 2007; Almeida, 2011; Snyman, 2014a; Molotsi, Dube and Cloete, 2020). The cropping 
potential of South African land is low due to relative aridity and poor soils, this leaves more 
than 80% of farming land available for extensive livestock utilisation (Cloete and Olivier, 
2010). Extensive small stock production is the dominant livestock industry in the drier western 
and north-western regions of South Africa, with a grazing capacity under 12 ha per large stock 
unit (Cloete and Olivier, 2010). 
The extensive production system is perceived to be inclined more towards maintaining 
positive animal welfare than intensive systems (Marandure et al., 2020; Odhiambo, 2020). 
Consumers view meat products from pasture-based feeding as more natural, less contaminated 
and reflecting more respect for the animal (Ramírez-Retamal and Morales, 2014). However, 
the increased risk of inclement weather, limitations due to seasonal variations in nutrient 
content and supply of the pasture, and the need for increased management to control predators 
and internal parasites are some negative aspects that influence extensive sheep production (Ali, 
1999; Van Der Merwe, Brand and Hoffman, 2020c). Sheep raised under extensive production 
system depend on rainwater and natural vegetation for their water requirements (Ngxumeshe 
et al., 2020). Thus, during dry periods animals have to travel long distances between feed and 
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water sources (Chikwanha et al., 2021). This leads to a decrease in foraging time; thus, farmers 
are opting to intensify production as they have precise control of animal water requirements 
(Odhiambo, 2020). 
2.2.2.2. Semi-intensive (mixed system) 
In this system animals are allowed to graze on pastures for about 4 - 8 hours, then are 
given supplementary feeds (Kochewad et al., 2017; Sankatane, 2018; Shivakumara, 2019; 
Karthik et al., 2021). In semi-intensive system, seasonal nutrient scarcity is fulfilled by offering 
additional protein and energy in the form of concentrate mixture to achieve acceptable sheep 
performance (Mohapatra and Shinde, 2018). Semi-intensive sheep farming is crucial in the 
cropping-pasture regions, where sheep survive on the by-products of capital and labour-intensive 
cropping industries, while providing stability to the riskier cropping ventures (Sultana et al., 
2011). Disadvantages of semi-intensive include increased risk of aggressive interactions between 
animals, increased risk of transmission of infectious diseases and disruption to normal behaviour 
patterns. However, the advantages of this system are that sheep are generally preserved from 
hunger and thirst as they are provided with water, supplementary feeds, and sheltered from 
climatic extremes and predators (Sultana et al., 2011; Montossi et al., 2013). 
2.2.2.3 Intensive production system (feedlotting) 
Feedlotting is buying young, weaner animals, improving their market value through 
intensive feeding and management to produce a carcass that meets the market specifications 
(Van Der Merwe, Brand and Hoffman, 2020a). Although the feedlot sector has relatively low 
fixed costs, a slight change in cost of inputs (i.e., maize, roughage and feed concentrate) leads 
to either high economic profits or the closing of the feedlot (Maré, Nell and Willemse, 2011). 
Feed conversion ratio, average daily gain and the mortality rate are also very important in profit 
or loss determination (Maré, Nell and Willemse, 2011). Feedlot lambs are high energy 
concentrates and protein to match the requirements of the growing lambs. The diets maximise 
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growth rate and reduce the number of days on feed due to the higher energy content in 
concentrate rations (Brand et al., 2017; Van Der Merwe, Brand and Hoffman, 2020c).  
Studies have generally focused on the importance of feed in a feedlot (Ali, 1999; 
Stanton and LeValley, 2006; Gallo et al., 2014), however, literature is scant on water supply 
in a feedlot. Feedlot and abattoir industries are on the rise due to many producers shifting 
towards intensive feedlotting systems (Ngxumeshe et al., 2020; Van Der Merwe, Brand and 
Hoffman, 2020a). In a feedlot system, resources are centralised such that animals rely on 
human beings to provide them with water, feed and shelter (Garner, 2012; Loubser, 2019). 
South Africa is predicted to have physical water scarcity by 2040 (Harding, Courtney and 
Russo, 2017), thus, careful attention has to be paid to ensure sustainable supply of water for 
animals reared in a feedlot. This should be complemented with use of water-efficient breeds 
into the feedlot.  
The disadvantages of feeding lamb indoors systems include frequent human contact, 
floor space restrictions, separation from the flock, and limited watering and feeding space (De 
Brito, Ponnampalam and Hopkins, 2017). However, the positive aspect is that feedlot finishing 
prepares lambs for slaughter, while reducing grazing pressure on pastures, animals expend less 
energy in searching for water and feed as it is readily available (Van Der Merwe, Brand and 
Hoffman, 2020c). It also adds value to the carcass of a lamb with a poor conformation through 
intensive feeding of the live lamb to promote muscle tissue growth and fat deposition to obtain 
a more desirable meat product (Van Der Merwe, Brand and Hoffman, 2020a). However, 
adaptation of indigenous sheep breeds into the feedlot is relatively new, such that information 
on the performance of breeds such as the Blackhead Persian, Damara, Nguni, Pedi, Swazi, and 
Zulu is scant. The deposition of fat in the tail requires a lot of energy (Mohapatra and Shinde, 
2018), thus many producers are prejudiced towards adopting fat-tail breeds into the feedlot. 
However, fat-tailed breeds can thrive under water-scarce conditions as they utilise metabolic 
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water from breakdown of fat in the tail making fat-tailed sheep an important genetic resource 
under feedlot conditions where water availability is limited. The impending water scarcity, 
makes raising sheep in the feedlot a lucrative alternative because animals are quickly made 
ready for slaughter thus, saving on water and feed costs and reducing the water footprint of the 
enterprise (Mancosu et al., 2015; Ibidhi and Ben Salem, 2019). 
2.3 Effect of water scarcity on dryland sheep production in South Africa 
South Africa falls under the marginal regions of the world, which are characterised by 
water scarcity (Cloete and Olivier, 2010; Jaber, Chedid and Hamadeh, 2013). Lack of water 
due to sporadic rainfall results in a decrease in forage supply and drinking water which 
consequently reduces animal performance (Joy et al., 2020). There is a positive relationship 
between water intake and feed consumption thus, low water intake is accompanied by a 
reduction in feed intake (Silanikove, 1989; Jaber et al., 2004; Salem and Smith, 2008; Jaber, 
Chedid and Hamadeh, 2013). Water deficiencies cause body weight loss due to body water 
losses and consequent mobilisation of fat used for energy metabolism (Jaber, Chedid and 
Hamadeh, 2013; Akinmoladun et al., 2019; Joy et al., 2020). Water scarcity induces water 
stress which alters the host animal’s resistance to diseases by affecting the immune system, and 
it also exacerbates parasitic burdens resulting in body weight loss (Jaber et al., 2004; Salem 
and Smith, 2008; Cloete et al., 2014; Kao, 2019). 
Water stress often occurs together with nutritional and thermal stress in hot arid and 
semiarid environments (Sejian et al., 2015). This hampers livestock productivity substantially 
because increased ambient temperature results in heat stress which decreases body condition 
score (Casamassima et al., 2008). Heat stress causes a decline in appetite, rate of passage of 
digesta, rumen function, nutrient absorption, increased maintenance requirements and 
increased water losses through sweating and panting (Silanikove, 1992; Marai et al., 2007; 
Abdul Niyas et al., 2015; Joy et al., 2020). This is detrimental to the growth performance of 
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the animals as heat stressed animals decrease feed consumption subsequently decreasing body 
weight (Akinmoladun et al., 2019).  
Animal-based water scarcity coping strategies include sustainable rangeland 
management, use of water stress alleviators, succulent feed resources and optimisation of water 
use efficiency (Chikwanha et al., 2021). However, use of breeds tolerant to water stress has 
more potential than the other alternatives because indigenous breeds are adapted to specific 
habitats, they blend into the ecosystem without compromising the environment (FAO, 2016). 
To this end, adoption of sheep breeds that have low water and feed requirements and tolerate 
thermal and pathogenic stress is the most feasible tool for sustaining animal production under 
challenging environments (Al-Dawood, 2017). 
2.4 Use of adapted sheep breeds as a water scarcity coping strategy in South Africa 
Global weather changes are inclining towards a drier climate in the south-western part 
of South Africa (Burger, 2019). This means that farmers will have to alleviate challenges 
brought by water scarcity by investing in hardier breeds that are resilient and able to withstand 
water feed and shortages, temperature extremes, diseases and parasitic infections (Schroeder, 
2019). Genetic make-up influences fitness and adaptation and determines an animal’s tolerance 
to adverse conditions such as increase in ambient temperature, water and feed scarcity (Abdul 
Niyas et al., 2015). Selection of livestock adapted to extreme climatic conditions is one strategy 
that may sustain livestock production in the future because local breeds are well adapted to 
prevailing conditions such as extreme temperature, diseases and water scarcity (Tilahun et al., 
2014; Joy et al., 2020). 
Indigenous breeds such as Damara, Namaqua Afrikaner, Pedi, Nguni and Blackhead 
Persian have unique combinations of adaptive traits which allow them to endure harsh climatic 
conditions (Kunene, Nesamvuni and Fossey, 2007; Schroeder, 2019) for example, the Damara 
sheep are particularly well adapted to semi-desert areas and are known to withstand heat, 
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seasonal weight loss, common sheep diseases, and parasites (Lima Montelli et al., 2019). The 
Namaqua Afrikaners achieved higher (91%) survival from birth to weaning in comparison to 
(88%) in the Dorper (Snyman, Buys and Jonker, 2010). The Namaqua Afrikaner also has 
greater fitness traits, evidenced by their longer legs which they use to travel long distances in 
search of water at a suitable temperature (Alamer and Al-Hozab, 2004). 
2.5. Production attributes of South African sheep breeds 
2.5.1 Water intake 
Water is vital for physiological activities which include lubrication, transportation of 
dissolved minerals and reproduction (Alamer, 2011; Chedid et al., 2014; Wickramasinghe, 
Kramer and Appuhamy, 2018). Sheep can survive for up to 60 days without food but will perish 
in seven days without water (Roaa et al., 2018). Water metabolism efficiency differs from 
species to species and is influenced by breed. Breed has an influence on the amount of water 
required by animals as some breeds can utilise water more efficiently, and this is often observed 
during periods of water scarcity (Silanikove, 1992). Table 2.1 presents water intake values of 
different sheep breeds raised in South Africa. The SAMM had the highest water intake, 
probably because it is a dual breed. Wool sheep use more water to regulate their body 
temperature because of their longer fleece (Al-Ramamneh, Riek and Gerken, 2012). The 
Dorper had moderate water intake whilst Blackhead Persian had the least water intake (Table 
2.1). Indigenous breeds such as Namaqua Afrikaner and Damara have shown higher 
performance in coping with water stress when compared to composite breeds (e.g., Dorper and 
Dohne Merino) (Cloete, Hoffman and Cloete, 2012; Wilkes, Hynd and Pitchford, 2012; Burger 
et al., 2013; Burger, 2015). Fat-tailed sheep deposit 20% of carcass weight into the tail (Yousefi 
et al., 2012). This in turn acts as a reservoir of water since fat catabolism produces 1.190 g of 
water per kg and this could explain why the Blackhead Persian requires the least amount of 
water (Schlink, Nguyen and Viljoen, 2010).  
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Desert adapted breeds have greater capacity to mitigate the stressful effects induced 
by water deprivation (Ferreira et al., 2014). For example, the Damara, which can tolerate 
extreme temperature and limited water supply is superior to the SAMM in its ability to maintain 
plasma changes during dehydration by excreting more concentrated urine and excreting dry 
faeces (Buduram, 2004). This can be explained by the fact that sheep can reabsorb water in the 
lower gut and excrete dry pellets (Schlink, Nguyen and Viljoen, 2010). Overall, sheep can 
reduce renal blood flow and glomerular filtration, and produce concentrated urine due to long 
loops of Henle in their kidneys hence they experience more water reabsorption  (Stockman, 
2006; Hogan, Petherick and Phillips, 2007; Cloete, Hoffman and Cloete, 2012; Jaber, Chedid 
and Hamadeh, 2013). The Blackhead Persian seems to require the least amount of water, this 
could suggest that indigenous breeds can be reared as a water scarcity coping strategy. 
However, South African breeds such as the Damara, Dormer, Dohne Merino, Merino, 
Meatmaster, Namaqua Afrikaner, Nguni, Pedi, Swazi and Zulu, lack representation in literature 
in terms of how much water they drink, thus, merit investigation.
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DWI (L) 2.3±0.28a, b -- -- 4.8±0.58b -- -- -- -- 5.6±0.85b 
Nutrient intake (g/d)          
VFI -- -- 1529.5±79.96c 1245.6 ± 68.28c 1506.6 ± 65.29c 1540.1 ± 72.99c 1228.2±51.61c 1070.6±68.28c 1554.1 ± 81.61c 
 -- -- -- 1870 ± 0.11d -- 1533 ± 0.04d -- -- 1893 ± 0.03d 
DMI (g/kgW0.75/d) -- --   89.84±2.15e 85.76±2.15e -- -- -- 
Energy intake 
(MJ/day) 
-- 32.1±0.98f -- --  28.01±0.98f -- -- -- 
     25.89±0.67e 22.55±0.67e -- -- -- 
OM -- --  -- -- 912.34±54.39g -- -- -- 
CP -- --  -- -- 132.85±7.53g -- -- -- 
EE -- --  -- -- 17.82±1.01g -- -- -- 
Nitrogen 26.3h 19.7± 0.16i -- 42.14j 30.89±0.80e 26.91±0.80e -- -- -- 
          
Nutrient digestibility (%)         
DM -- 69.4 ± 1.4f -- -- 64.50±2.74k 60.57±3.06g -- -- 74.7±2.27l 
OM -- -- -- -- 65.58±2.81k 66.05±2.54g -- -- 77.0±2.23n 
CP -- -- -- -- 70.62±1.65k 68.05±1.79g -- -- 69.9±2.36l 
EE -- -- -- -- 85.54±1.41k 73.53±5.17g -- -- 93.1±1.62l 
DWI: daily water intake. VFI: Voluntary feed intake. DMI: dry matter intake. DM: dry matter, OM: organic matter, CP: crude protein, EE: ether extract, CF: crude fibre. -- Not reported aMean ± 
standard deviation from the cited studies. b(Schoeman and Visser, 1995), c(Van der Merwe. Brand 2020c), d(Brand et al., 2017), e(Nolte and Ferreira, 2004), f(Wilkes, Hynd and Pitchford, 2012), 
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2.5.2 Nutrient intake, digestibility and utilisation 
Genetic variation in feed efficiency greatly affects sheep production (Ates et al., 
2021). According to Brand et al. (2017) the SAMM and Dorper consumed the highest feed per 
day while Merino had the least daily feed intake. In a different study by Van der Merwe 
(2020c), SAMM, Merino, Dormer and Dohne Merino consumed the highest daily feed, while 
Dorper and Meatmaster consumed moderate amount of feed and Namaqua Afrikaner consumed 
the least amount of feed daily (Table 2.1). Breed influences the variations in feed intake to a 
larger extent because it affects rumen size, body size and production level (Stanton and 
LeValley, 2006; Riaz et al., 2014; Lallo et al., 2018). According to Silanikove (1992), 
indigenous sheep breeds are able to maintain higher feed intake during dehydration compared 
to composite breeds because they are able to reduce a rise in plasma (Maltz et al., 1984). 
Indigenous breeds such as Damara, Pedi and Namaqua Afrikaner store energy in adipose 
tissues and mobilise it to meet energy demands (Ramírez-Retamal and Morales, 2014; Erasmus 
et al., 2016; Ramos et al., 2020). However, there is insufficient literature regarding daily feed 
intake of indigenous breeds such as Pedi and Damara. 
The fat-tail found in Damara, Blackhead Persian and Namaqua Afrikaner were 
developed for storing nutrients when feed is plentiful, and utilised as a metabolic energy, 
particularly during feed scarcity caused by harsh seasonal fluctuations and migration 
(Mohapatra and Shinde, 2018). Moreover, fat-tails are important energy reserves that help in 
buffering long-term dietary shortfalls to maintain survival and productivity (Jaber, Chedid and 
Hamadeh, 2013). Fat-tailed Akkaraman lambs were reported to better utilise forages with low 
nutritive values compared to Anatolian Merino lambs, due to superior feed conversion 
efficiencies of the latter (Osoro et al., 1999; Ates et al., 2021). Nutrient digestibility parameters 
from previous studies on different South African sheep breeds are shown in Table 2.1. SAMM 
had the highest organic matter (OM) and ether extract (EE) digestibility, followed by Dohne 
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Merino and Merino. Dohne Merino had higher CP digestibility than the other breeds. In a study 
by Wilkes, Hynd and Pitchford (2012) Damara had greater apparent dry matter (DM) 
digestibility compared to the Merino. This could be explained by the fact that the Damara may 
have retained the more fibrous components for longer in the rumen, thereby, allowing the 
cellulolytic microbes to digest the fibrous components of the feed more thoroughly 
(Akinmoladun et al., 2019). The greater digestibility for Damara may also be related to 
increased chewing and rumination time as they reduce feed into smaller particles thus, 
increasing digestion efficiency (Pérez-Barbería et al., 2004; Wilkes, Hynd and Pitchford, 2012; 
Wang et al., 2018). Similarly, Jing et al. (2019) compared the indigenous Tibetan breed to 
small-tailed Han breed in China and found that the former had greater DM, OM and crude 
protein (CP) digestibility than the later breed. This is because Tibetan sheep can cope with low 
energy intake than small-tailed Han sheep due to lower maintenance energy requirements and 
higher nutrient digestibilities (Jing et al., 2019). However, there is dearth of information on 
nutrient digestibility of South African sheep breeds such as Meatmaster, Dorper and Pedi.  
2.5.3 Growth performance 
Growth parameters of importance to sheep farmers include live body weight, DMI, ADG, 
FCR and slaughter body weight (Scanlon et al., 2013). The Dorper (Burke and Apple, 2007), 
Meatmaster, Damara and Pedi (Van der Merwe and Brand, 2020b) are early maturing breeds 
while Merino and Dohne Merino are intermediate (Cloete and Olivier, 2010). Table 2.2 
represents growth parameters of South African sheep breeds from previous studies. Dohne 
Merino has the highest ADG while Nguni has the lowest values. Similarly, Tsegay et al. (2013) 
discovered that the indigenous breed, Blackhead Ogaden had lower slaughter weight than the 
composite (Blackhead Ogaden × Dorper) breeds. However, despite that growth rates of 
indigenous sheep breeds are generally lower than those of improved sheep breeds, they may be 
as productive as improved breeds even under high-input feeding systems (Ates et al., 2021). 
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Namaqua Afrikaner had the highest feed conversion ratio (FCR) while Dormer and Dorper had 
the least (Table 2.2). This is because feed conversion in herbivores is depends on body size 
since intake is directly proportional to maintenance requirement (Riaz et al., 2014). Individual 
daily gain rates greater than 350 g/day and FCR lower than 4.5 during the finishing period are 
regarded as exceptional performance (Van Der Merwe, Brand and Hoffman, 2020c). Overall, 
there is limited research on ADG and FCR of Blackhead Persian, Pedi, Swazi and Zulu. The 
SAMM had high slaughter weight while Blackhead Persian exhibited the low weight (Table 
2.2). Maturity and fat deposition characteristics of different sheep breeds are important to take 
into consideration in a lamb finishing enterprise as they directly influence the profitability of 
the system (Van Der Merwe, Brand and Hoffman, 2020c). 
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Table 2.2: Growth performance of South African sheep breeds 
ADG: average daily gain, FCR: feed conversion ratio, -- not reported *Mean ± standard deviation from the cited studies a(Van der Merwe, D.A. Brand T.S., 2020a) b(Oosthuizen, 2018), c(Snyman 
and Herselman, 2005), d(Ikusika and Okoh, 2019), e(Brand et al., 2017), f(Sekali et al., 2020), g(Muhikambele, Mtenga and Mafwere, 1998), h(Alves et al., 2013) and i(Snyman, 2014b 
 
 Afrino Blackhead 
Persian 
Damara Dormer Dorper Dohne 
Merino 
Merino Meatmaster  Namaqua 
Afrikaner 
Nguni  Pedi  SAMM 
ADG 
(kg/day) 
0.240 ± 12.6c -- -- 0.439 ± 0.3a* -- 0.352 ± 0.26a 0.284 ± 0.3a 0.334±0.2a 0.169±0.3a 0.134b -- 0.365±0.3a 
  -- -- -- 284 ± 12.1c 0.847d 183 ± 13.1c -- -- -- -- -- 
 -- -- -- -- 0.268 ± 0.01e -- 0.298 ± 0.01e 0.23±0.01f -- -- -- 0.294 ± 0.01e 
FCR -- -- -- 3.71± 0.6a 3.71 ± 0.5a  4.61±0.5a 5.63 ± 0.5a 4.57±0.4a 7.08±0.5a -- -- 4.46± 0.6a 
 -- -- -- -- 7.9 ± 1.2e -- 5.3 ± 0.25e -- -- -- -- 6.5 ± 0.2e 
Slaughter 
weight (kg) 
-- 19.5g 46.0±1.6h  -- 43.3 ± 3.7e  -- 42.7 ± 1.4e  42.0±1.6f  -- -- 30i  48.6 ± 1.3e  
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2.5.4. Carcass attributes 
Carcass traits fall into two groups which are qualitative (i.e., conformation and fatness) 
and quantitative (i.e., hot and cold carcass weights, hot and cold dressing percentages and carcass 
shrinkage (Pourlis, 2011; Yousefi et al., 2012; Dos Santos et al., 2019). Namaqua Afrikaner has 
the least carcass weight while SAMM had the highest (Table 2.3). Dorper has the highest 
dressing percentage, with Blackhead Persian having the least (Table 2.3). Early-maturing, 
smaller-framed sheep (Dorper) will reach an ideal lean-to-fat ratio quicker (Burger et al., 
2013), thus it must be marketed earlier to avoid it being classified as over-fat (Berg and 
McFadin Walker, 2019; Van der Merwe and Brand., 2020c). Whereas, late-maturing breed 
with more lean muscles (Namaqua Afrikaner) tend to have lower dressing percentage due to 
fat deposit into the tail (Brand et al., 2017; Kennedy, 2019). More information is, however 
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Table 2.3 Carcass characteristics of South African sheep breeds 
HCW: hot carcass weight, CCW: cold carcass weight, DP: dressing percentage, -- Not reported. *Mean ± standard deviation from the cited studies a(Brand et al., 2017), b(Snyman, 2014b), c(Burger 












-- 20.3±0.96d -- 21.5±1.41*a -- 18.5±0.73a -- 10.5 ± 2.27c 18b 23.3±0.69a 
 -- -- -- 17.4 ± 2.31c -- -- --  -- 17.1 ± 2.14c 
HCW (kg) 
8.0e 20.27±3.61f -- 20.17±1.55f  -- 20.4±0.90g -- -- -- 
CCW (kg) 
-- 18.65±0.96i 20.5 ± 0.42h 18.9 ± 0.35h 20.4 ± 0.31h 20.0 ± 0.48h 16.6 ± 0.34h 
15.1 ± 0.50h 
-- 
22.0 ± 0.55h 
 




DP (%) 41.3e 43.89±3.17f 48.0 ± 0.53h 49.9 ± 0.45h 46.9 ± 0.40h 48.0 ± 0.62h 47.4 ± 0.43h 46.9 ± 0.64h -- 49.8 ± 0.70h 
  
-- -- 62.86 ±1.68i -- -- 48.5g -- -- -- 
Stellenbosch University https://scholar.sun.ac.za
  
27 | P a g e  
 
2.6 Summary  
The rate at which South Africa is becoming drier is alarming as water scarcity is the inevitable 
result. Water scarcity could force the sheep industry to establish a new priority in production 
of breeds that drink less water. There is evidence from the literature that indigenous breeds are 
resilient to environmental stresses such as heat, feed and water stress. Indigenous breeds have 
relatively small body sizes, can convert low quality feed into quality products using low 
amounts of water. In the South African context, little research has been conducted on the 
potential of adapted sheep breeds as coping strategies to the water scarcity challenge. 
Therefore, determination of breed influence on water intake, feed intake, nutrient digestibility, 
growth performance and carcass characteristics of different sheep breeds reared in South Africa 
is recommended. 
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Chapter 3 
Nutrient intake, apparent digestibility, nitrogen and water balance of six 
sheep breeds reared in South Africa 
Abstract 
The objective of the study was to compare nutrient intake, digestibility, nitrogen and water 
balance of six sheep breeds kept under feedlot conditions. Fifty-seven, 4 to 5 months old pure 
indigenous (Pedi and Damara), indigenous composite (Meatmaster and Dorper) and exotic 
composite (Merino and Dohne Merino) wethers were fed a pelleted total mixed ration 
containing 143.5 g crude protein (CP)/ kg dry matter (DM) and 10.29 MJ/ kg DM metabolisable 
energy. The experiment consisted of 21 days for adaptation to the diet and 7 days of data 
collection. Meatmaster had the highest DM, organic matter (OM), crude protein (CP), ash-free 
neutral detergent fibre (aNDFom) and ether extract (EE) intake followed by Damara with Pedi 
having the least values (P ≤ 0.05). Damara and Meatmaster had higher (P ≤ 0.05) DM 
digestibility than the rest of the breeds. The aNDFom digestibility followed the order of Dorper 
≥ Merino ≥ Meatmaster ≥ Damara ≥ Dohne Merino ≥ Pedi. Damara had higher (P ≤ 0.05) EE 
digestibility compared to the rest of the breeds. Creatinine and uric acid were highest and lowest 
in Dohne Merino and Pedi, respectively (P ≤ 0.05). Total urinary volume was highest for the 
Damara, Dohne Merino and Meatmaster with the Dorper and Merino having intermediate 
values while the Pedi had the least (P ≤ 0.05). Meatmaster had higher (P ≤ 0.05) total N (feed 
N + microbial N) and faecal N than other breeds. Relative to other breeds, Meatmaster and 
Damara had higher (P ≤ 0.05) N retention values. Water balance was highest in Meatmaster, 
and Dohne Merino followed Damara, Dorper and Merino with Pedi having the least values (P 
≤ 0.05). In conclusion, besides that Meatmaster and Damara had comparable water balance to 
Dohne Merino and Dorper, they had superior nutrient intake, DM digestibility and N balance.  
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3.1 Introduction 
The South African national flock has around 22.2 million sheep (Directorate Statistics and 
Economic Analysis, 2020), which are crucial in improving the nutritional status, economic and 
social livelihoods of majority of people (Esmailizadeh, Nemati and Mokhtari, 2012; Ayele et 
al., 2017; Kahsu, Tikabo and Teferi, 2021). Sheep require a minimum of 2 square meters in a 
feedlot compared to cattle which require 9 square meters per animal (South African Feedlot 
Association, 2019), sheep have a gestation period of only five months and are highly adapted 
to the environment such that they have a crucial function in smallholder agriculture (Tsegay, 
Yoseph and Mengistu, 2013; Tekliye et al., 2018; Akinmoladun et al., 2019). Smallholder 
farmers also mainly adopt the extensive system of sheep rearing due to its low capital 
requirement (Ayele et al., 2017; Loubser, 2019). However, sheep that are raised extensively, 
grazing on natural pastures experience long periods of feed and water scarcity and use more 
energy searching for these resources compared to sheep raised under feedlot conditions 
(Shirima et al., 2014). 
Water scarcity negatively affects the immune system and welfare of animals (Chedid 
et al., 2014). In addition, suboptimal water intake critically affects sheep physiology and meat 
production (Silanikove, 1992; Akinmoladun et al., 2021). According to Ghassemi Nejad 
(2014), animals that are under severe water stress decrease performance in terms of digesta 
flow rate, saliva excretion and nutrient digestibility. However, small ruminants tend to be more 
resilient and better adapted to water stress (Akinmoladun et al., 2019). Sheep can tolerate water 
loss of up to 20% body weight due to reduction in feed intake and improvements in nutrient 
digestibility, and their rumen can conserve water up to 15% body weight for use during scarcity 
(Al-Ramamneh, Riek and Gerken, 2012). Desert adaptable sheep are characterised by lower 
water demands together with the ability to utilise water more efficiently (Alamer, 2011). They 
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have also evolved survival mechanism in terms of efficient use of water and body reserves 
during periods of water scarcity (De Albuquerque et al., 2020). Sheep can thrive under semiarid 
conditions due to their small bodies which result in low feed and water requirements and better 
use of ingested and excreted water (Alemneh and Akeberegn, 2019; De Albuquerque et al., 
2020).  
To sustain sheep production amidst the water scarcity crisis, coping strategies would 
have to be implemented. Introducing indigenous breeds to intensive production system could 
be a viable proposition (Ayele et al., 2017; Kahsu, Tikabo and Teferi, 2021). Feedlotting sheep 
before sending them to the market is useful in mitigating the effects of water scarcity as animals 
are given water such that they do not have to expend energy searching for it (Sejian et al., 
2015). However, sheep performance under feedlot conditions depends on several factors 
including age of animal, time on feed and breed (Shirima et al., 2014; Akinmoladun et al., 
2019). Efforts to evaluate effect of breed on nutrient intake, digestibility, nitrogen and water 
balance on sheep breeds reared in South Africa have been scarce, particularly for pure 
indigenous breeds (e.g., Pedi) and the indigenous composite breeds (e.g., Meatmaster). The 
current study was, therefore, undertaken to determine how breed influences nutrient intake, 
digestibility, utilisation, nitrogen (N) and water balance in South African sheep breeds reared 
under feedlot conditions. 
3.2 Materials and methods 
3.2.1 Study site description 
The study was conducted at the Welgevallen Experimental farm (33° 56′ 33″S 18° 51′ 
59″E, Stellenbosch University, South Africa). The altitude of the experimental site is 136 m 
above sea level (Mucheri et al., 2020). The climatic condition of the area is warm and temperate 
Stellenbosch University https://scholar.sun.ac.za
  
45 | P a g e  
 
with more rainfall in winter (141 mm) than summer (20 mm). The annual temperature averages 
range from 10.9 to 21.6 °C while the annual rainfall is 787 mm (Climate-data.org, 2021). 
3.2.2 Animal care and management  
The experiment was approved (ACU-11259) by the Stellenbosch University Research 
Ethics Committee: Animal and Care Use (REC: ACU) Committee following guidelines of the 
South African National Standard (SANS 10386:2008) regarding the care and use of animals 
for experimental and scientific purposes. Fifty-seven wethers with an average age of 4 to 5 
months were purchased from commercial farmers in the Western Cape Province of South 
Africa. Two pure indigenous (Pedi and Damara), indigenous composite (Meatmaster and 
Dorper) and exotic composite (Merino and Dohne Merino) sheep breeds raised in the South 
Africa were evaluated. The average initial body weights (BW ± SD) of the animals were as 
follows: Pedi (21.7 ± 1.07 kg, n=8), Meatmaster (39.1 ± 0.96 kg, n=9) and ten of each of 
Damara (28.4 ± 0.96 kg), Dorper (30.9 ± 0.96 kg), Merino (33.6 ± 0.96 kg) and Dohne Merino 
(42.8 ± 0.96 kg). On arrival at the farm, the wethers were tagged, vaccinated against pulpy 
kidney using Multivax P Plus and treated for internal parasites with Tramizan® at 0.2 mg per 
kilogram body weight. The lambs were randomly allocated to individual pens (2 m × 1 m) with 
slated wooden floors inside a well-lit and ventilated shed. Each pen had a feeding trough and a 
water bucket secured. Lambs were adapted to the diet and pens for 21 days followed by 7 days 
of data collection.  
3.2.3 Animal watering and feeding management 
Four litres of clean water were measured into clean buckets at 0830 and further 
replenished at 1600 so that the animals had ad libitum access to water. The buckets were 
secured to the pens to prevent the animals from spilling water. Water remaining in the bucket 
after 24 h was measured to determine the water drunk (i.e., free water) by each animal. 
Corrections for water evaporation were made by placing four separate buckets containing 
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measured water in different areas around the pen (Schlink, Nguyen and Viljoen, 2010; Khelil-
Arfa et al., 2012). Free water drunk each day was calculated as; total water given – (water 
remaining in bucket + water lost through evaporation). The water intake through feed was 
determined as the moisture content based on the voluntary feed intake by each animal. The 
daily water intake (DWI) was calculated as the sum of free water and feed water intakes. The 
animals were fed a pelleted total mixed ration at 0830. After 24 hours, the refusals were 
collected from the troughs and weighed. Feed was offered at 10% extra of the previous day’s 
consumption. Feed intake was calculated as the weight difference between feed offered and 
refusals. Samples of offered feed were taken from each bag, pooled at the end of the week and 
stored at -20 °C for later analysis. 
3.2.4 Collection of faecal and urine samples 
Faecal samples were collected directly from the rectum once daily using the faecal 
grab technique (~50 g; Da Costa et al., 2019) for seven consecutive days. Each day, the samples 
were stored at -20 °C. After the collection period, samples were thawed and pooled per animal, 
weighed and dried at 60 °C for 48 h. Dried samples were ground using a Wiley mill (Model 4, 
Thomas Scientific, Swedesboro, NJ, USA) fitted with a 1 mm sieve, and then stored at 4 °C 
pending analyses. Spot urine samples were also collected from each animal at 12:00 for seven 
days. The spot samples were obtained by transient apnoea, whereby the first operator, occluded 
the sheep’s nostrils with both thumbs and the mouth with the palms for 10 – 35 sec until the 
sheep urinated in a clean, container held by second operator (Benech et al., 2015; Sadri et al., 
2018). Occlusion of the nostril was maintained for that period to avoid compromising the 
welfare of the animals. Subsamples were filtered through glass wool and 10 ml aliquots were 
filtered and diluted immediately with 40 ml of a 0.036 N sulphuric acid (dos Santos et al., 
2018) to avoid degradation of purine derivatives and precipitation of uric acid. A 20 ml 
subsample of the undiluted urine was stored at -20 °C for creatinine and nitrogen analyses. 
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3.2.5 Chemical analyses of samples 
Dry matter (DM; method 934.01), ash (method; 942.05) and ether extract (EE; method 
920.39) contents in feed and faecal samples were determined according to the AOAC (2002) 
procedures. Nitrogen content for feed, faeces and urine was analysed using the Dumas method 
with a macro-Nitrogen analyser (LECO® FP528, LECO Corporation, Miami, USA) (AOAC, 
(2002); method 968.06). Starch was measured using a commercial assay (Total Starch 
Megazyme kit KTSTA, Megazyme International Ireland Ltd., Wicklow, Ireland) following the 
method for samples containing glucose and/ or maltodextrins (Hall, 2009). Neutral detergent 
fibre (aNDFom) was determined using heat-stable α-amylase and addition of sodium sulphite 
(Mertens et al., 2002). Acid detergent fibre (ADFom) was performed according to AOAC 
(2002) method 962.09. Seventy-two percent sulphuric acid was used to solubilise cellulose and 
isolate lignin (lignin [sa.]) according to Goering and Van Soest (1970) as modified by 
Raffrenato and Van Amburgh (2011). 
3.2.6 In vitro apparent nutrient digestibility and utilisation 
Two rumen-cannulated Holstein dairy cows were used as rumen content donors for 
the in vitro NDF digestibility (ivNDFd). Rumen fluid from each cow was collected at 07:30 
into pre-warmed insulated Thermos flask. The rumen fluid was filtered through four layers of 
cheesecloth, 100 µm mesh and glass wool prior to inoculation. Ground and dried faecal and 
feed samples (~0.5 g) were weighed into 125-ml Erlenmeyer flask (in duplicate) before the 
addition of 40 ml of Van Soest buffer as described by Goering and Van Soest (1970). The 
flasks were placed in a heated (39.5 °C) shaking water bath under carbon dioxide positive 
pressure to ensure an anaerobic environment, before addition of 10 ml of rumen fluid. 
Determination of daily nutrient intake per lamb was computed as the difference between 
nutrients in feed offered and faeces. Apparent total tract nutrient digestibility of organic matter 
(OM), CP, EE, starch and aNDFom were determined indirectly using indigestible neutral 
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detergent fibre (iNDF) as an internal marker to estimate the total faecal excretion (Raffrenato 
et al., 2018). Long-term fermentations (240-h) were conducted to reach the maximum extent 
of digestion for iNDF. The 240-h in vitro fermentations were conducted according to Goering 
and Van Soest (1970) method to determine the residual in vitro iNDF in both feed and faecal 
samples for each lamb (Raffrenato et al., 2018). At the end of 240-h, the feed and faecal 
samples were analysed for aNDFom (Mertens et al., 2002). The faecal DM and nutrient 
outputs, and apparent digestibility coefficients were calculated according to Mertens (2002) as 
follows: 
𝐹𝑎𝑒𝑐𝑎𝑙 𝐷𝑀 𝑜𝑢𝑡𝑝𝑢𝑡 (𝑔/𝑑) = {
𝑖𝑁𝐷𝐹 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑔/𝑑)
𝑓𝑎𝑒𝑐𝑎𝑙 𝑖𝑁𝐷𝐹 (%)
 } × 100 




𝐴𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑑𝑖𝑔𝑒𝑠𝑡𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑜𝑓 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡𝑠 =  
𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑔) − 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑖𝑛 𝑓𝑎𝑒𝑐𝑒𝑠 (𝑔) 
𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑔)
 
3.2.7 Nitrogen balance 
The creatinine concentration (mg/dL) was obtained from the pooled 7-day subsamples. The 
final creatinine was quantified by the enzymatic method from an alkaline picrate reaction using 
a commercial creatinine colorimetric assay kit (Sarcosine Oxidase method; E-BC-K186-M, 
Elabscience®, Biocom Africa, Centurion, South Africa). Urine output was determined using 
the following equation: 
𝑢𝑟𝑖𝑛𝑒 𝑜𝑢𝑡𝑝𝑢𝑡 (𝐿/𝑑) =
9.79 (𝑚𝑔/𝑑𝐿) × 𝐵𝑊0.75
𝑐𝑟𝑒𝑎𝑡𝑖𝑛𝑖𝑛𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑔/𝑑𝐿)
, 
Where 9.79 mg/ kg BW per day (David et al., 2015) is the creatinine constant and BW0.75 is 
the metabolic body weight of the animal. 
Ruminants acquire N from dietary protein and microbial protein synthesis in the 
rumen (Bach, Calsamiglia and Stern, 2005). Nitrogen content for feed was analysed using the 
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Dumas method with a macro-Nitrogen analyser (LECO® FP528, LECO Corporation, Miami, 
USA) (AOAC, (2002); method 968.06) while, microbial protein synthesis was estimated by 
the determination of urinary purine derivatives (allantoin, uric acid xanthine + hypoxanthine) 
by the colorimetric method (Chen and Gomes, 1992). The quantitative relationship between 
absorption of microbial purines and excretion of purine derivatives in urine was determined 
using the nonlinear equation: 𝑌 = 0.84𝑋 + (0.15𝐵𝑊0.75 × 𝑒−0.25𝑋 ), where Y is the excretion 
of microbial purine derivative in urine, X is the absorption of microbial purine derivative, both 
in mM/ day and BW0.75 is the metabolic body weight (kg) of the animal. The rumen microbial 
N (g N/day) post-ruminally calculated as a function of the absorbed microbial purines (X, 
mM/day) using the following equation of Chen and Gomes (1992): Microbial N (g N/ d)  =
 
𝑋 ×70 
0.83 × 0.116 ×1000
, where 70 is the content of N in purines (mg N/ mM), 0.83 is the assumed 
coefficient of digestibility of microbial purines and 0.116 is the mean ratio of purine-N: total-
N rumen microbes. The retention of N (g/d) was determined as the difference between N intake 
(g/d) − [N faeces excretion (g/d) +N urine excretion (g/d)] – basal endogenous N [BEN (g/d) 
= (0.018 + 0.35) × BW0.75]. The BEN considered losses of endogenous tissue and dermal as 
0.35 and 0.018 in metabolic weight, respectively. 
3.2.8 Water balance 
The average amount of water drunk from the waterer (i.e., free water intake) per day 
(litres/ day) was determined by subtracting water remaining in the waterer (i.e., water refusals) 
and evaporation losses from the total amount of water provided [water drunk = water provided 
– water refusals – evaporative water losses)]. Feed water (i.e., water consumed through feed) 
was calculated as feed moisture × voluntary feed intake. Metabolic water production was 
estimated as of diet bromatological analysis and calculated by multiplying the intake of 
digestible fat (i.e., ether extract; EE), carbohydrate and crude protein (CP) based on the 
assumption that 1 g of each of these respective nutrients yields 1.07, 0.56 and 0.42 g of water 
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(Schlink, Nguyen and Viljoen, 2010; Al-Ramamneh, Riek and Gerken, 2012). The total 
carbohydrate content (CHO) of the feed and faeces was calculated using the equation: 
Carbohydrate = 100 − (% CP + % EE + % Ash) (Sniffen et al., 1992). Total water intake 
(corrected for evaporative losses) per animal per day was calculated as the sum of water drunk, 
feed water and metabolic water (Al-Ramamneh, Riek and Gerken, 2012), which was expressed 
as a percentage of body weight or metabolic body weight. Water balance (L/ d) was calculated 
using the following formula according to Albuquerque et al. (2020): water balance = (free water 
+ feed water + metabolic water) – (urinary water + faecal water). 
3.2.9 Statistical analyses 
The data on nutrient intake, digestibility, utilisation, nitrogen and water balance were 
subjected to analyses of variance (ANOVA) according to a completely randomised design 
using the General Linear Models (GLM) procedure of SAS version 9.4 (SAS, 2012). Breed 
was the main fixed effect and animal was the random factor. Least square means was used to 
compare means and adjusted for significant differences with Tukey-Kramer. Significant 
threshold was set at (P < 0.05).  
3.3 Results 
3.3.1 Chemical analyses 
The DM and CP contents of the diet was 895.5 and 143.5 g/kg DM, respectively 
(Table 3.1). The acid detergent lignin was 68.1 g/kg DM while the neutral detergent fibre 
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Table 3.1 Chemical composition of the diet fed to experimental sheep 
Variable Composition (g/kg DM) 
Dry matter (DM) 895.5 
Ash 78.4 
Crude protein (CP) 143.5 
Ether extract (EE) 35.3 
Starch 202.2 
Metabolisable energy (MJ/ kg DM) 10.29 
Non-fibre carbohydrates (NFC)a 448.2 
Neutral detergent fibre (aNDFom)b 294.6 
Lignin (sa.)c 68.1 
a –non-fibre carbohydrates: Calculated as: 1000 – (aNDF + CP + EE + Ash). b – aNDFom: neutral detergent fibre assayed with 
heat stable amylase. c–ADL: determined by solubilization of cellulose with sulphuric acid 
3.3.2 Nutrient intake and in vitro apparent nutrient digestibility  
Breed influenced nutrient intake with all the parameters (DM, OM, CP, aNDFom and 
EE) in the order of Meatmaster > Damara > Dorper ≥ Dohne Merino ≥ Merino ≥ Pedi (P ≤ 
0.05). No breed differences were noted for OM, CP, N digestibility (P > 0.05; Table 3.2). Breed 
influenced DM, aNDFom and EE digestibility (P ≤ 0.05). Damara and Meatmaster had higher 
(P ≤ 0.05) DM digestibility compared to rest of the breeds. The aNDFom digestibility was in 
the following order: Dorper ≥ Merino ≥ Meatmaster ≥ Damara ≥ Dohne Merino ≥ Pedi (P ≤ 
0.05). Damara had the highest EE digestibility while Meatmaster had the least (P ≤ 0.05).  
3.3.3 Nitrogen balance  
Table 3.3 presents the effect of breed on purine derivatives and nitrogen balance. Creatinine 
concentration and total urine output were affected by breed (P ≤ 0.05). The Pedi had the least 
creatinine concentration (P ≤ 0.05), which was not different from Damara, Dorper and Merino 
(P > 0.05). Total urinary volume was highest for the Damara, Dohne Merino and Meatmaster 
with intermediate values observed for the Dorper and Merino while the Pedi had the least (P ≤ 
0.05) Breed had no effect on allantoin, xanthine and hypoxanthine, total purine derivatives 
absorbed and excreted, microbial N supply and urinary N (P > 0.05). Uric acid was influenced 
Stellenbosch University https://scholar.sun.ac.za
  
52 | P a g e  
 
breed with the order of Dohne Merino = Damara = Dorper ≥ Meatmaster ≥ Merino > Pedi (P 
≤ 0.05). Meatmaster had the highest total N intake (feed N + microbial N), followed by Damara 
and the least was observed for the Dorper, Dohne Merino, Merino and Pedi (P ≤ 0.05). Faecal 
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Table 3. 2: Effect of breed on nutrient intake and in vitro apparent nutrient digestibility of South African sheep  
Variable 
Breed 
SEM1 P value 
Damara Dohne Merino     Dorper Meatmaster      Merino       Pedi 
Nutrient intake(g/d)          
Dry matter 1831b 1453cd 1621c 2000a 1472cd 1440d 0.08 <0.0001 
Organic matter 1661b 1392c 1429c 1831a 1318cd 1248d 0.03 <0.0001 
Crude protein 259b 217c 222c 285a 205cd 194d 0.01 <0.0001 
aNDFom 531b 445c 457c 585a 421cd 399d 0.02 <0.0001 
Ether extract 64b 53c 55c 70a 51cd 48d 0.003 <0.0001 
Nutrient digestibility (g/kg)         
Dry matter 985.9a 981.4b 980.4b 985.7a 980.9b 980.7b 2.10 0.0002 
Organic matter 873 873 872 873 877 866 3.71 0.3960 
Crude protein 885 886 877 873 880 874 3.71 0.0790 
Nitrogen 901 886 877 873 879 874 8.23 0.1816 
aNDFom 591b 589b 622a 603ab 613ab 566bc 12.44 0.0458 
Ether extract 943a 939ab 940ab 928b 933ab 937ab 3.34 0.0445 
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Damara Dohne Merino Dorper Meatmaster Merino Pedi 
Creatinine (mg/dL) 4.382 ± 0.46ab 4.815 ± 0.60a 4.235 ± 0.99ab 4.804 ± 0.25a 4.156 ± 0.43ab 3.549 ± 0.50b 0.0077 
Total volume of urine (L/d) 0.93 ± 0.03a 0.96 ± 0.04a 0.84 ± 0.09b 1.02 ± 0.10a 0.82 ± 0.03b 0.70 ± 0.03c <0.0001 
Urinary excretion, mM/d        
Allantoin   2.02 ± 0.66 2.20 ±1.19 2.36 ± 1.90 3.47 ± 0.57 2.57 ± 1.78 2.64 ± 1.25 0.6064 
Uric acid  0.71 ± 0.26a 0.74 ± 0.27a 0.52 ± 0.06ab 0.50 ± 0.14ab 0.46 ± 0.21b 0.30 ± 0.03c 0.0047 
Xanthine + Hypoxanthine  0.56 ± 0.30 0.86 ± 0.20 0.76 ± 0.28 0.66 ± 0.21 0.52 ± 0.21 1.04 ± 0.43 0.0679 
Total purine derivatives excreted 3.29 ± 0.85 3.81 ± 1.49 3.64 ± 1.87 4.63 ± 0.48 3.55 ± 1.82 3.97 ± 1.46 0.7532 
Total purine derivatives absorbed  2.58 ± 1.40 2.78 ± 2.97 2.87 ± 3.07 4.49 ± 0.79 2.73 ± 2.91 3.83 ± 2.17 0.7587 
Microbial N supply (g N/d)  1.87 ± 1.02 2.02 ± 2.16 2.09 ± 2.23 3.26 ±.058 1.99 ± 2.11 2.78 ± 1.58 0.7587 
Nitrogen balance (g/d)        
N in feed  41.46 ± 3.18b 34.67 ± 1.27c 35.27 ± 4.76c 45.60 ± 1.59a 32.85 ± 2.19c 31.50 ± 1.83c <0.0001 
Total N1  43.33 ± 3.55b 36.69 ± 2.17c 37.36 ± 5.28c 48.86 ± 1.94a 34.83 ± 3.08c 34.28 ± 2.47c <0.0001 
Faecal N 3.96 ± 2.05b 4.05 ± 0.43b 4.32 ± 0.73b 5.77 ± 0.40a 3.91 ± 0.41b 4.05 ± 0.35b 0.0382 
Urinary N  1.28 ± 0.39 0.97 ± 0.35 0.85 ± 0.32 0.93 ± 0.22 1.20 ± 0.55 0.81 ± 0.19 0.2727 
N retention  38.11 ± 4.49a 31.67 ± 1.71b 32.19 ± 4.75b 42.17 ± 1.76a 29.72 ± 3.27b 29.43 ± 2.28b <0.0001 
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3.3.4 Water balance  
Water intakes differed across breeds (P ≤ 0.05; Table 3.4). The free water was in the following 
order: Dohne Merino = Meatmaster > Damara ≥ Dorper ≥ Merino > Pedi (P ≤ 0.05). 
Meatmaster and Damara consumed more (P ≤ 0.05) water from feed than the other breeds. 
Metabolic water intake was in the order of Meatmaster = Damara > Dorper ≥ Dohne Merino ≥ 
Merino ≥ Pedi (P ≤ 0.05). Generally, the Meatmaster and Dohne Merino had the highest total 
water intake, while Damara, Dorper and Merino had intermediate values with Pedi having the 
least values (P ≤ 0.05). Breed influenced (P ≤ 0.05) water losses with Damara and Meatmaster 
having the highest faecal water losses than the other breeds (P ≤ 0.05). Water loss through urine 
observed the following order: Meatmaster ≥ Dohne Merino ≥ Damara > Merino ≥ Dorper > 
Pedi (P ≤ 0.05). Pedi and Dorper had the least total water loss whilst Damara and Meatmaster 
had the highest with the Dohne Merino and Merino having intermediate values (P ≤ 0.05). 
Breed influenced water balance with all treatments having a positive water balance (P ≤ 0.05). 
Water balance was in the order: Meatmaster = Dohne Merino ≥ Damara ≥ Dorper ≥ Merino > 
Pedi (P ≤ 0.05).
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Table 3. 4: Effect of breed on water balance of South African sheep  




SEM1 P value 
Damara Dohne Merino Dorper Meatmaster Merino Pedi 
Water gained         
Free water (L/ d) 4.38b 4.82a 4.24bc 4.80a 4.16bc 3.55d 0.24 0.0077 
Feed (L/ d) 0.22a 0.19b 0.19b 0.24a 0.17b 0.16b 0.01 <0.0001 
Metabolic water (L/ d) 0.65a 0.51b 0.51b 0.67a 0.49bc 0.45c 0.02 <0.0001 
Total water intake (L/ d) 4.86b 5.27a 4.69b 5.38a 4.55b 3.92c 0.26 0.0034 
Water lost         
Faeces (L/ d) 0.68a 0.53b 0.47b 0.67a 0.48b 0.53b 0.03 <0.0001 
Urine (L/ d) 0.93b 0.96ab 0.83cd 1.00a 0.86c 0.76e 0.03 <0.0001 
Total water lost (L/ d) 1.60ab 1.49bc 1.30d 1.67a 1.34cd 1.29d 0.04 0.0201 
Water balance (L/ d) 3.65ab 4.02a 3.63ab 4.05a 3.48b 2.89c 0.24 0.02341 
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3.4 Discussion 
The higher nutrient intake for Meatmaster and Damara may have been enabled by 
greater rumen capacity owing to their adaptation to forage diets (Wilkes, Hynd and Pitchford, 
2012; McDonald et al., 2018). The higher nutrient intake could also be a function of body 
weight or metabolic weight (Shirima et al., 2014), because increase in body weight leads to 
increased feed intake (Lewis and Emmans, 2010). The observed greater DM and aNDFom 
apparent digestibility in Meatmaster and Damara could be attributed to their retention of the 
more fibrous components for longer in the rumen, thereby, allowing the cellulolytic microbes 
to digest the fibrous components of the feed more thoroughly (Akinmoladun et al., 2019). Rate 
of passage is positively associated with DM intake because slower passage rate increases 
retention time in the rumen, microbial growth and feedstuff degradation thus, leads to greater 
digestion by the animals (Allison, 1985; Wilkes, Hynd and Pitchford, 2012). The greater DM 
digestibility could also be related to increased chewing and rumination time that reduce feed 
into smaller particles thus, increasing digestion efficiency (Pérez-Barbería and Gordon, 1998; 
Wilkes, Hynd and Pitchford, 2012; Wang et al., 2018). However, little is known about the 
investigated breed differences in digestive efficiency thus, further research is recommended. 
The observation that Damara and Meatmaster had similar nutrient intake and DM digestibility 
could be due to the former being a maternal ancestor in the development of the latter (Peters et 
al., 2010) thus they have similar adaptability traits. 
The low aNDFom digestibility reported for Pedi can be attributed to the delay in the 
onset of fibre digestion in the rumen of breeds that are predominantly raised extensively, due 
to low ruminal pH caused by adding grain or concentrate to the animal diet (Santra, Karim and 
Chaturvedi, 2002; Snyman, 2014). On the other hand, higher aNDFom digestibility observed 
in Dorper can be attributed to the adaptability of the breed to both extensive and intensive 
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feeding systems (Cloete, Snyman and Herselman, 2000). The higher apparent digestibility of 
EE in Damara may be partly attributed to the increased DMI (Peixoto et al., 2017).  
The high and low values of creatinine reported in Dohne Merino and Pedi 
respectively, maybe attributed to different body weights (BW) as creatinine excretion is related 
to BW and is proportional to muscle mass (Santos et al., 2017; Purnami and Prima, 2018). The 
higher urinary values observed for Meatmaster, Dohne Merino and Damara are attributed to 
increased water intake (Marsden et al., 2020). The values observed for Dorper on allantoin, 
total purine derivatives absorbed and excreted, microbial N supply were in the ranges reported 
by Mupangwa et al. (2000). The higher uric acid excretion observed for Dohne Merino 
compared to other breeds may be attributed to degradation by rumen micro-organisms (Chen 
et al., 1990). However, little is known about the investigated breeds’ rumen microbial 
population and diversity which warrants further investigation. The increased N intake from 
feed reported in Meatmaster can be attributed to higher DMI because dietary nitrogen intake 
in an animal is directly related to the proportion of nitrogen in the diet (Antwi et al., 2020). 
Although Damara had lower total N intake than Meatmaster, it had the same N balance due to 
lower faecal N output. This would suggest that Damara have an increased N recycling from the 
digestive tract (Walt et al., 1999; Akinmoladun et al., 2021). The high faecal nitrogen loss in 
Meatmaster compared to the rest of the breeds reflects high feed consumption and faecal output 
by the Meatmaster. Nitrogen balance indicates how animals metabolise end-products and their 
N excretion (Geron et al., 2015). Thus, current findings indicate that Meatmaster and Damara 
had high N balance due to their superiority in nitrogen utilisation. (Geron et al., 2015; Costa et 
al., 2021). 
The finding that urinary and total N was similar for the Merinos is contrary to earlier 
finding by Nolte and Ferreira (2004) who found that Dohne Merino excreted more urinary and 
total N compared to Merino. The disparities could be due to differences in diets offered in the 
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respective trials. Faecal, urinary and N retention reported for Damara in the current study are 
lower than those found for Damara rams fed ensiled chopped whole crop maize sealed with a 
standard polyethylene film (Ndleleni et al., 2020), which could probably be ascribed to addition 
of 0.8% of urea to the diets. The N balance values for Merino in the current study were higher 
than those reported Azizah et al. (2021) which could be due to the lower N intakes observed in 
latter study. The low levels of urinary N in all the investigated breeds shows adequate 
fermentable energy in the rumen, resulting in positive N retention (Tshabalala, Sikosana and 
Chivandi, 2013). A positive nitrogen balance indicates that the diet supplied enough N, 
therefore, the animals retained their body protein reserve (De Albuquerque et al., 2020). 
The Pedi breed had the least water balance due to its small body size, while 
Meatmaster had the highest water balance corresponding with its body size. Similar to water 
intake, there is a positive linear relationship between water balance and body weight when 
water supply is adequate (Schoeman and Visser, 1995). Although Damara drank less free water 
and lost more faecal water compared to Dohne Merino, it had the same water balance due to 
its higher metabolic water, which is formed during the oxidation of dietary nutrients and 
catabolism of body tissue and higher water from feed (Violeta et al., 2017). Meatmaster lost 
the most urinary water however, it had also high water balance, probably due to the increased 
total water intake. The finding that Damara had lower total water intake than Meatmaster yet 
had the same water balance could be attributable to lower urinary losses in the former breed. 
Although Pedi had the least total water intake, it had a positive or stable water balance due to 
its lower water losses, as fat-tailed breeds are known to maximise renal water (Laden, Nehmadi 
and Yagil, 1987).  
3.5 Conclusions 
Meatmaster and Damara had higher nutrient intake, DM digestibility, N intake from 
feed, faecal N, total N and N balance than the other breeds. The water balance of these breeds 
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was comparable to Dohne Merino and Dorper but higher than that of Merino and Pedi. It was 
concluded that, although, Meatmaster and Damara had similar water balance to Dohne Merino, 
the two former breeds had superior nutrient intake, DM digestibility and N balance, which 
could make them sheep feedlot breeds under water scarce conditions. Similar water 
requirements, growth performance and carcass attributes in comparisons, are important to 
further substantiate the suitability of Meatmaster and Damara as potential feedlot breeds in 
water-scarce areas. 
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Chapter 4 
Water intake, growth and carcass characteristics of selected sheep breeds 
reared in South Africa 
Abstract  
The objective of the study was to evaluate the effect of breed on water intake, growth 
performance and carcass characteristics of 4 to 5 months old pure indigenous (Pedi and 
Damara), indigenous composite (Meatmaster and Dorper) and exotic composite (Merino and 
Dohne Merino) lambs under feedlot conditions. The lambs were fed a pelleted total mixed 
ration containing 143.5 g crude protein (CP)/ kg DM and 10.29 MJ/kg DM for 42 days after 
adapting to diet for 21 days. The average daily gain (ADG) was highest for the Meatmaster and 
Damara, moderate for Dorper and Pedi and lowest for the Merino and Dohne Merino (P ≤ 
0.05). Feed intake for the Meatmaster was higher (P ≤ 0.05) than that of the other breeds. The 
FCR was lowest for the Pedi and Damara with Dohne Merino having the highest (P ≤ 0.05). 
The Pedi drank the least amount of water while Meatmaster drank the highest amounts (P ≤ 
0.05). Pedi and Damara had the least water to gain ratio while Dohne Merino had the highest 
ratio (P ≤ 0.05). Hot and cold carcass weight and dressing percentage were measured after 
slaughter and they were lower (P ≤ 0.05) for the Damara and Pedi than for all the other breeds. 
The lowest and highest income over feed costs were reported for Pedi and Dohne Merino, 
respectively. In conclusion, Meatmaster and Dorper had lower economic returns than Dohne 
Merino, but had comparable carcass attributes and better water utilisation efficiency, which 
could qualify them as key feedlot breeds in water-scarce regions. Despite that Damara and Pedi 
had inferior carcass attributes and economic returns, they were the most water and feed efficient 
breeds, making them ideal water- saving breeds, especially under smallholder farming systems. 
Keywords: Feedlot, Growth performance, Indigenous breeds, Water scarcity 
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4.1. Introduction 
Most of South Africa is situated in arid and semiarid zones, with more than 80% of 
arable land viable for extensive livestock utilisation only (Cloete and Olivier, 2010). These 
zones experience extended periods of water scarcity (Ferreira et al., 2002; Adeniji et al., 2020). 
In the sheep production context, water scarcity refers to insufficient supply of clean, safe water 
to meet water use demand for sheep production (Chikwanha et al., 2021). The impact of water 
scarcity to animals include reduction in feed intake, body weight, reproductive rates, resistance 
to diseases and livestock numbers (Jaber, Chedid and Hamadeh, 2013). Global meat 
consumption is projected to increase by 12% by 2029 (FAO/OECD, 2020) due to growth in 
human population and per capita income . For sheep meat producers to meet the demand, whilst 
coping with water scarcity, it is imperative that they harness animal genetic resources and 
increase production of adaptable breeds (FAO, 2007). Different breeds respond to water 
scarcity in different ways (Chedid et al., 2014) with indigenous breeds highly adaptable to their 
area compared to exotic breeds (Kao, 2019). The difference in adaptability calls for adoption 
of animals that are resilient to the challenging environmental prevalent in the arid and semiarid 
regions of South Africa (FAO, 2016). 
Indigenous sheep breeds prevalent in South Africa are hair sheep with long fat-tails 
(Almeida, 2011). They are very well adapted to their harsh home environments (Almeida, 
2011) because of developed adaptive mechanisms that promote high water retention (Adeniji 
et al., 2020). Indigenous sheep breeds mobilise their body reserves to maintain production 
performance even in periods of water scarcity  (Silanikove, 1992; Adeniji et al., 2020). Fat 
tailed breeds survive periods of water scarcity because they can tolerate extreme water 
temperature and limited water supply (Buduram, 2004). In addition, they can maintain plasma 
changes during dehydration by excreting more concentrated urine (Stockman, 2006) and have 
less thermal discomfort and distorted metabolism when faced with water scarcity (Walt et al., 
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1999; Ajibola, Boomker and Van Der Walt, 2009). Therefore, breeds that drink low amounts 
of water without affecting meat production and quality could be used to mitigate effects of heat 
stress and water scarcity on dryland sheep production (Chikwanha et al., 2021). Another way 
of coping with water scarcity is to shift from extensive lamb finishing on pastures to intensive 
finishing in feedlots (Shirima et al., 2014). Currently, exotic composite (i.e., Dohne merino, 
Merino and South African Mutton Merino) are the most used feedlot breeds (Burke and Apple, 
2007; Van der Merwe and Brand 2020). However, the production potential of these breeds is 
threatened by the impending water scarcity. Raising sheep in the feedlot is a lucrative 
alternative as animals are quickly made ready for slaughter thus, saving on water and feed costs 
and reducing the water footprint of the enterprise (Ibidhi and Ben Salem, 2019). The 
information on the water intake and performance of pure indigenous breeds and their 
composites is however, scant. Therefore, the objectives of the current study were to assess the 
potential of heat stress and compare the effect of breed on water intake, growth and carcass 
characteristics of sheep reared in South Africa. 
4.2. Material and methods 
4.2.1 Experimental design and animal management 
The study was conducted at the Welgevallen Experimental farm (33° 56′ 33″S 18° 51′ 
59″E, Stellenbosch University, South Africa) from late November 2020 to early January 2021. 
The study was approved by the Stellenbosch University Research Ethics Committee: Animal 
and Care Use (REC: ACU) Committee (SANS 10386:2008; reference number ACU 11259). 
The experiment was conducted using a completely randomised design with breed as the 
treatment. Two pure indigenous (Damara and Pedi), two indigenous composite (Meatmaster 
and Dorper) and two exotic composite (Merino and Dohne Merino) sheep breeds raised in the 
South Africa were evaluated. The animals had an average aged between 4 and 5 months and 
were purchased from commercial farmers in the Western Cape province. The initial weights of 
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the animals were as follows; Pedi [21.7 ± 1.07 kg initial body weight; (Mean ± standard 
deviation), n = 8], Meatmaster (39.1 ± 0.96 kg, n = 9), Damara (28.4 ± 0.96 kg, n=10), Dorper 
(30.9 ± 0.96 kg, n=10), Merino (33.6 ± 0.96 kg, n=10) and Dohne Merino (42.8 ± 0.96 kg, 
n=10). On arrival at the farm, the wethers were tagged, vaccinated against pulpy kidney using 
Multivax P Plus and treated with Tramizan® to rid them of internal parasites at 0.2 mg per 
kilogram body weight. The lambs were randomly allocated to individual pens (2 m × 1 m) with 
slated wooden floors inside a well-lit and ventilated shed. Each pen had a feeding trough and a 
water bucket secured. Lambs were adapted to the diet and pens for 21 days followed by 42 
days of data collection.  
4.2.2 Meteorological parameters 
To evaluate the severity of heat stress, a portable data logger (Multi-use USB Temp 
& RH Data Logger, T Zone Digital, South Africa) was used to record ambient temperature and 
relative humidity of the study site. The temperature-humidity index (THI) used was calculated 
according to Marai et al. (2007) as follows: 
THI =  DB (°C) − {(0.31 − 0.31 × RH) × (DB°C − 14.4)} 
Where, DB °C - Dry bulb temperature in degrees Celsius and RH - % Relative humidity (RH).  
4.2.3 Animal watering and feeding management 
Four litres of clean water were measured into clean buckets at 0830 and further 
replenished at 1600 so that the animals had ad libitum access to water. The buckets were 
secured to the pens to prevent the animals from spilling water. Water remaining in the bucket 
after 24 h was measured to determine the water drunk (i.e., free water) by each animal. 
Corrections for water evaporation were made by placing four separate buckets containing 
measured water in different areas around the pen (Schlink, Nguyen and Viljoen, 2010; Khelil-
Arfa et al., 2012). Free water drunk each day was calculated as; total water given – (water 
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remaining in bucket + water lost through evaporation). The water intake through feed was 
determined as the moisture content based on the voluntary feed intake by each animal. The 
daily water intake (DWI) was calculated as the sum of free water and feed water intakes. 
The animals were fed a pelleted total mixed ration at 0830. After 24 hours, the refusals 
were collected from the troughs and weighed. The feed was adjusted according to body weights 
and consumption rate. Feed intake was calculated as the weight difference between feed offered 
and refusals. Samples of offered feed were taken from each bag, pooled at the end of the week 
and stored at -20 °C for later analysis. The chemical composition of the experimental diet is 
presented in Table 3.1. For calculation of the average daily gain (ADG), the lambs were 
weighed every week from the onset to the end of the experiment, the difference between final 
weight and initial weight was divided by the number of days in the period. Feed conversion 
ratio (FCR) (kg feed per kg weight gain) was also determined. Water intake to gain ratio was 
calculated as ratio of average daily water intake to the average daily gain over the 42-day trial. 
4.2.4 Animal slaughtering and carcass measurements 
At the end of the feeding trial, the lambs were transported to a commercial abattoir 70 
km from the experimental site. Lambs were electrically stunned (200V applied for 4 seconds) 
and slaughtered by exsanguination after 16 h off feed, with access to water only. After dressing, 
the carcasses were immediately weighed to obtain hot carcass weights. The carcasses were 
classified based on the South African Meat Industry Company (2006) by assessing age, fatness 
and conformation. The carcasses were chilled at 3 °C for 24 h, and the cold carcass weight was 
weighed. Dressing percentage was calculated as hot carcass weight divided by slaughter 
weight, multiplied by 100. The income-over-feed cost (IOFC) per animal was calculated using 
the following formulae by Buza et al. (2014): IOFC = Total income (TI) − Total feed costs 
(TFC), where TI = income generated after selling cold carcass and, TFC = cost per kg of feed 
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× dry matter intake. The carcass prices prevailing at the time of slaughter are according to the 
Red Meat Producers Organisation (2019). 
4.2.5 Statistical analysis  
The average for THI was determined using the PROC MEANS procedure of SAS 
(version 9.4; SAS Institute Inc. Cary, NC, USA). Water and feed intakes, growth performance 
and carcass traits were subjected to ANOVA using a General Linear Models (GLM) procedure 
of SAS (version 9.4; SAS Institute Inc. Cary, NC, USA) to test for breed as the main fixed 
effect and animal as random factor. Animal was treated as the experimental unit. Initial weight 
of the animal was included as a covariate in the analyses of all growth and carcass attributes 
data. Mean comparisons were performed using the LSMEANS statement with the adjustment 
proposed using Tukey-Kramer for all significant effects. The significance threshold for all 
statistical analyses was set at P ≤ 0.05 and tendencies were considered (0.05 ≤ P ≤ 0.10). A chi-
square test was run to test for the association between breed and carcass class. 
4.3. Results 
4.3.1 Meteorological parameters 
Table 4.1 presents the results of the data recorded at the experimental site. THI from 
inside and outside the shed, ranged from 15.38 to 28.24 and from 15.24 to 25.47, respectively. 
Inside the shed, sheep were exposed to potential moderate and severe heat-stress 16.67% and 
25% of the time, respectively. Sheep were usually not exposed to heat-stress during the night-
time hours however, they were potentially exposed during daytime hours (approximately 
between1200 – 1800 South African Standard Time; SAST).
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Table 4 1: Temperature, relative humidity (RH) and temperature-humidity index (THI) of the experimental site 
Location  Week Time1  Temperature RH % THI 
Inside the sheep shade 1 Day  21.42 ± 4.42 58.27 ± 15.69 20.33 ± 3.50 
  Night  15.37 ± 2.42 73.48 ± 11.78 15.24 ± 2.11 
 2 Day  24.48 ± 4.39 46.85 ± 10.96 22.68 ± 3.35 
  Night  16.24 ± 3.06 68.98 ± 11.07 15.98 ± 2.63 
 3 Day  23.55 ± 3.65 64.07 ± 14.17 22.38 ± 2.83 
  Night  17.67 ± 2.27 82.19 ± 9.97 17.44 ± 2.04 
 4 Day  26.40 ± 4.05 54.08 ± 12.86 24.55 ± 3.11 
  Night  17.11 ± 3.23 77.76 ± 11.00 16.83 ± 2.86 
 5 Day  27.41 ± 4.54 56.14 ± 14.15 25.47 ± 3.42 
  Night  20.25 ± 2.49 76.22 ± 10.94 19.75 ± 2.08 
 6 Day  26.24 ± 5.39 49.97 ± 15.83 24.18 ± 4.02 
  Night  18.06 ± 2.76 70.15 ± 12.98 17.64 ± 2.29 
Outside the sheep shade      
 1 Day  23.79 ± 3.98 44.58 ± 9.63 22.09 ± 3.04 
  Night  15.83 ± 3.26 66.80 ± 10.03 15.60 ± 2.84 
 2 Day  27.93 ± 4.10 47.65 ± 12.96 25.59 ± 2.88 
  Night  18.99 ± 3.03 69.91 ± 10.94 18.49 ± 2.59 
 3 Day  22.93 ± 2.57 65.61 ± 11.33 21.94 ± 2.01 
  Night  17.03 ± 1.70 88.17 ± 5.74 16.93 ± 1.63 
 4 Day  23.27 ± 3.81 60.93 ± 13.32 22.06 ± 3.02 
  Night  15.48 ± 1.98 84.78 ± 8.51 15.38 ± 1.83 
 5 Day  25.84 ± 3.19 52.70 ± 10.64 24.07 ± 2.38 
  Night  15.98 ± 3.07 79.32 ± 10.50 15.79 ± 2.74 
 6 Day  31.23 ± 3.95 44.47 ± 9.08 28.24 ± 2.87 
  Night  19.90 ± 3.38 69.14 ± 10.88 19.29 ± 2.84 
1 Daytime was taken from 0600, 0900, 1200 and 1500 while nighttime was taken from 1800, 2100, 0000 and 0300. Heat stress categories: <22.2= absence of heat stress, 22.2 to <23.3= 
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4.3.2 Water intake and water efficiency measures 
Free water intake was influenced by breed (P ≤ 0.05; Table 4.2). Pedi had the least 
free water intake followed by Merino (P ≤ 0.05), which had similar intakes to the Damara, 
Dohne Merino and Dorper with the last three breeds not different from each other (P > 0.05). 
Similarly, water intake was different across breeds (P ≤ 0.05) and followed the order of 
Meatmaster > Damara > Dorper > Dohne Merino ≥ Merino > Pedi. The daily water intake 
(DWI) was greatest for the Meatmaster with intermediate intakes for Dohne Merino, Dorper, 
Damara and Merino, whilst Pedi had the least intake (P ≤ 0.05). Overall, Meatmaster breed had 
the most preformed (i.e., metabolic) water followed by Damara, Dohne Merino and Dorper 
with moderate values while Merino and Pedi had the least metabolic water (P ≤ 0.05). No breed 
differences were noted for DWI relative to either live or metabolic body weights (P > 0.05). 
Generally, the Damara and Pedi had superior water to gain ratio with Meatmaster, Dorper and 
Merino with moderate water efficiencies, whilst the Dohne Merino had the most inferior ratio 
(P ≤ 0.05). The ratio of total water consumed to overall DMI was lowest for Damara and 
Meatmaster with intermediate values for the Dorper and Pedi, while the Dohne Merino and 
Merino had the highest ratios (P ≤ 0.05).
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4.3.3 Growth performance and feed efficiency measures 
Animal final live weights and gain (ADG) differed across breeds (P ≤ 0.05; Table 3). 
Meatmaster and Dohne Merino had the greatest final live weight, followed by Damara, Merino 
and Dorper with Pedi having the least (P ≤ 0.05). Meatmaster and Damara had greater (P≤0.05) 
ADG compared to the other breeds. Dry matter intake was influenced by breed following the 
order of Meatmaster > Damara > Dorper ≥ Merino > Dohne Merino > Pedi (P ≤ 0.05). Breed 
also influenced the proportion of DMI as a percentage of the animal’s live and metabolic body 
weights (P ≤ 0.05). Generally, the Meatmaster and Damara had the greatest percentage DMI 
per live and metabolic body weights with the Dorper and Pedi having intermediate values while 
Dohne Merino and Merino had the least (P ≤ 0.05). Feed conversion ratios differed across 
breeds with the Pedi and Damara having the most efficient FCR preceding the following order 
Dorper ≤ Meatmaster ≤ Merino ≤ Dohne Merino (P ≤ 0.05).
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Damara Dohne Merino Dorper Meatmaster Merino Pedi 
Weight measures        
Final weight (kg) 45.9 ± 0.98b 52.0 ± 0.98a 43.5 ± 0.98b 55.8 ± 1.06a 44.2 ± 0.98b 34.6 ± 1.10d <0.0001 
ADG (g) 393.4 ± 21.96a 241.2 ± 30.72b 285.3 ± 18.51b 398.9 ± 25.3a 256.0 ± 17.72b 284.4 ± 35.52b <0.0001 
Feed and water intake measures        
DMI (kg/d) 1.83 ± 0.05b 1.45 ± 0.07cd 1.62 ± 0.04c 2.00 ± 0.05a 1.47 ± 0.04cd 1.44 ± 0.08d <0.0001 
DMI of % body weight (BW) 4.36 ± 0.11a 3.77 ± 0.16bc 3.99 ± 0.09b 4.56 ± 0.11a 3.71 ± 0.09c 3.80 ± 0.18b <0.0001 
DMI (g/ kg BW0.75) 115.3 ± 2.45a 85.2 ± 2.53d 102.1 ± 2.45b 113.5 ± 2.68a 92.3 ± 2.44c 103.2 ± 2.93b <0.0001 
        
Free water (L/ d) 4.45 ± 0.177ab 4.64 ± 0.177ab 4.41 ± 0.177ab 4.82 ± 0.187a 4.30 ± 0.177b 3.52 ± 0.198c 0.0006 
Water intake from feed (L/ d) 0.21 ± 0.005b 0.18 ± 0.005d 0.20 ± 0.005c 0.25 ± 0.005a 0.18 ± 0.005d 0.17 ± 0.005e <0.0001 
Daily water intake (DWI; L/ d)* 4.57 ± 0.181b 4.83 ± 0.181b 4.61 ± 0.181b 5.08 ± 0.191a 4.50 ± 0.181b 3.75 ± 0.202c 0.0006 
Metabolic water (L/d) 0.95 ± 0.025 b 0.76 ± 0.035cd 0.84 ± 0.021c 1.04 ± 0.028a 0.77 ± 0.021cd 0.75 ± 0.041d <0.0001 
DWI (ml/ kg BW0.75) 290.8 ± 11.22 278.1 ± 11.42 290.10 ± 11.21 285.1 ± 12.08 278.9 ± 11.18 270.9 ± 13.11 0.8243 
DWI of % body weight (BW) 10.4 ± 0.52 12.5 ± 0.73 11.2 ± 0.45 11.7 ± 0.58 11.3 ± 0.43 9.55 ± 0.85 0.4643 
Feed and water efficiency        
Feed conversion ratio 4.1 ± 0.22c 6.2 ± 0.28a 5.1 ± 0.23bc 5.2 ± 0.38bc 5.4 ± 0.22b 4.0 ± 0.43c <0.0001 
Water to gain ratio 10.4 ± 0.72d 20.6 ± 0.72a 14.7 ± 0.72bc 12.0 ± 0.76c 14.5 ± 0.72b 11.3 ± 0.81cd <0.0001 
Total water consumed/ total DMI 2.5 ± 0.06c 3.0 ± 0.06a 2.8 ± 0.06b 2.5 ± 0.06c 3.0 ± 0.06a 2.8 ± 0.07b <0.0001 
* DWI is the average of free water and water intake from feed. a-e Least square means with different alphabetical notations in the same row are significantly different (P ≤ 0.05).
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4.3.4 Carcass attributes 
Carcass attributes were influenced by breed (P ≤ 0.05 Table 4.3). Dohne Merino, 
Dorper and Meatmaster recorded the highest carcass weights and dressing percentage with 
Merino having intermediate values while Damara and Pedi had the lowest values (P ≤ 0.05). 
There was an association between breed and carcass class (Chi-square; χ2 = 0.0395; Cramér’s 
V = 0.3685). Most of the Merino (90 %) and Dohne Merino (70 %) were classed as A2 whilst 
Damara and Pedi had 50 and 38 % classed as A3, respectively. 
4.3.5 Economic comparisons 
The economic comparisons of the different breeds are presented in Table 4.3. All the 
economic variables were affected by breed (P ≤ 0.05). The total feed costs were highest for 
Meatmaster, moderate for Damara, Dorper, Dohne Merino and Merino and least for Pedi (P ≤ 
0.05). Total income was in the following order of Dohne Merino > Meatmaster > Merino> 
Dorper > Damara> Pedi (P ≤ 0.05). IOFC observed the similar trend (P ≤ 0.05).
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Table 4 3: Carcass attributes and income over feed costs selected of South African lamb meat breeds 
 
 
Carcass attributes  
Breed 
P value 
Damara Dohne Merino Dorper Meatmaster Merino Pedi 
Carcass quantitative attributes        
Hot carcass weight (kg) 20.6 ± 0.21c 23.8 ± 0.27a 24.2 ± 0.23a 23.7 ± 0.36ab 22.4 ± 0.22b 20.5 ± 0.42c <0.0001 
Cold carcass weight (kg) 20.0 ± 0.21c 23.1 ± 0.27a 23.5 ± 0.22a 23.0 ± 0.36a 21.8 ± 0.22b 20.0 ± 0.41c <0.0001 
Dressing percentage 44.6 ± 0.45c 51.3 ± 0.58a 52.6 ± 0.78a 51.2 ± 0.78ab 48.5 ± 0.47b 43.5 ± 0.91c <0.0001 
Carcass age and fatness class        
A2 20 70 40 11 90 0  
A3 50 20 10 33 10 38  
A4 20 10 20 0 0 25  
A5 10 0 20 33 0 25  
A6 0 0 0 11 0 13  
AB2 0 0 10 11 0 0  
Income over feed cost        
Total feed costs (R)1,# 322 ± 7.35b 270 ± 7.35c 287 ± 7.35c 356 ± 7.75a 264 ± 7.35c 235 ±8.22d <0.0001 
Total income (R)2 1565 ± 57.90c 2105 ± 57.90a 1680 ± 57.90bc 1994 ± 61.04ab 1773 ± 57.90b 1106 ± 64.74d <0.0001 
IOFC (R)3 1243 ± 58.22c 1836 ± 58.22a 1393 ± 58.22bc 1638 ± 61.37b 1509 ± 58.22b 871 ± 65.09d <0.0001 
a-e Least square means with different alphabetical notations in the same row are significantly different (P ≤ 0.05).  
Carcass weight gain = dressing percentage × liveweight gain 
1Total feed costs = liveweight gain × feed conversion ratio × feed cost/kg. 
2 Total income = carcass weight gain × carcass prices. 
3Feed margin= total income − total feed costs. 
# The cost of one kg of feed was R6.62
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4.4. Discussion 
The results of the present study indicate that heat stress was a minor factor as sheep 
were within their comfort threshold for most part of the trial. However, high THI values 
observed during the last two weeks of the trial slightly increased sheep water intake. Except 
for Pedi, minor differences in free water intake observed between the studied breeds, could be 
linked to the ability of individually housed animals to alter their performance and behaviour 
owing to the inactivity, which can also affect water intake (Brew et al., 2011; Golher et al., 
2021). This was expected as there is a close environment relationship between water and body 
weight provided there is an unlimited supply of water. Pedi drank the least amount of water 
possibly due to the low body weight and size and consequently low energy requirements and 
metabolic rates as reported for other desert-like breeds (David et al., 2015).  
The higher contribution of feed to provide water for the Meatmaster comparative to the 
rest of the breeds was anticipated because it had a higher DMI than other breeds. Therefore, 
the variations in DMI could have emanated from differences in the higher voluntary feed intake 
which is a positively correlated to greater feed water intake (Schoeman and Visser, 1995). The 
high metabolic water for the Meatmaster and Damara could also be attributed to its high 
nutrient intake compared to other breeds since its calculation is dependent of the digestible 
nutrients (i.e., carbohydrates, proteins and fats (Teixeira et al., 2006). In addition, fat-tailed 
and/or rump fat sheep such as Damara, and Meatmaster rapidly utilise nutrients from the feed 
through metabolic processes in the animal cell to produce metabolic water (Cherian, 2009; 
Chedid et al., 2014; Burger, 2015; Mohapatra and Shinde, 2018). The Dorper also had high 
metabolic water as it is developed from Dorset Horn and a fat tailed breed, Blackhead Persian 
(Milne, 2000).  
The elevated free and feed water intakes from the feed for Meatmaster resulted in it 
having the highest daily water intake owing to the close relationship between water and food 
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consumption, with sheep’s voluntary consumption of water being two to three times the intake 
of dry matter (McKague, 2005; Mpendulo et al., 2020). The DWI values reported for pure 
indigenous breeds, indigenous composite breeds and exotic composite breeds in the current 
study are comparable to those reported for Blackhead Persian (2.25.4 L/ d), Dorper (4.6 5.4 L/ 
d) and South African Mutton Merino (SAMM, 5.4 L/ d), respectively (Schoeman and Visser, 
1995). 
The lower water intake/kg weight gain observed for the Pedi and Damara imply an 
efficient usage of water for every kg of meat produced (Schoeman and Visser, 1995). The 
observed high water to gain ratio in Dohne Merino may be due to its high DMI which could 
have necessitated the increased water intake to cater for the elimination of waste products and 
evaporative cooling to dissipate the excess heat during metabolism (Alamer, 2011; Barros de 
Freitas et al., 2021). These high water intake/ kg weight gain values are not peculiar as 
Schoeman and Visser (1995) reported even greater values for the Dorper (26.9 ± 1.84) and 
SAMM (31.1 ± 2.13). Overall, based on the water intake to weight gain ratio, the Damara, Pedi 
and Meatmaster were more water efficient compared to the other breeds, which had lower water 
intake efficiency but producing comparable ADG. Since Dohne Merino is a dual breed (Van 
Der Merwe, Brand and Hoffman, 2020a), the high water to gain ratio observed for this breed 
could be explained by the fact that wool sheep require more water to regulate their body 
temperature due to their longer fleece (Al-Ramamneh, Riek and Gerken, 2012). Animals 
adapted to survive in arid regions acquire water by oxidation of nutrients stored in the body 
when they encounter water shortage to compensate for obligatory water loss by respiration, 
and in urine and faeces (Cherian, 2009; Takei et al., 2012). 
The observed differences in the DMI across breeds could be ascribed to differences in 
the liveweights of the animals. On average, the DMI of sheep is between 2 – 3% of their body 
weight but can reach 4% under feedlot conditions (National Research Council, 2007). This 
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concurs with findings from the current study with the Meatmaster and Damara which had the 
highest liveweights having the greatest DMI. Apart, from liveweight, genetics also affects the 
DMI. For example, the Dohne Merino and Pedi had their initial and final liveweights differing 
by 49.3% and 33.5%, respectively, yet their DMI were similar. Differences in feed intake may 
also arise from differences in maintenance requirements, feed efficiency, basal metabolism, 
activity and growth rates (Schoeman and Visser, 1995). 
The higher ADG for the Damara and Meatmaster compared to the other breeds is 
explained by the high DMI and DM digestibility reported for these two breeds in the current 
study. The current ADG values for Meatmaster and Damara are 37.4% and 16.3% greater 
compared to those reported by Van der Merwe, Brand and Hoffman (2020c) and Wilkes et al. 
(2012) for the respective breeds owing to the different diets in the feeding trials. The ADG for 
the Dorper was comparable to that reported by Brand et al. (2017). However, other studies 
(Schoeman, 2000; Brand et al., 2017; Chikwanha et al., 2019; Van der Merwe and Brand 
2020c) reported greater ADG’s (4 – 41%) for the Dohne Merino, Dorper and Merino. 
According to Wildeus, Turner and Collins (2007), hair sheep are generally smaller in size and 
have lower growth rates than more traditional wool sheep and this could explain why Pedi had 
the least growth rate. It should be noted that this is not always the case, as the Meatmaster 
which exhibited the greatest weight gain is a hair sheep. Although all animals were on the same 
feedlot diets, these differences could have emanated from other factors such maintenance 
requirements and basal metabolism given the breeds had different initial live weights.  
The similarity in ADG between Damara and Meatmaster might be due to the former 
being a maternal ancestor in the development of the latter (Peters et al., 2010). Feedlot 
producers prefer the use of animals with superior growth rates as they reach slaughter weight 
quicker, thus, increasing feed efficiency and profitability (Simasiku, Charamba and Lutaaya, 
2019; Van Der Merwe, Brand and Hoffman, 2020a). The finding that the Dohne Merino had 
Stellenbosch University https://scholar.sun.ac.za
  
83 | P a g e  
 
lower ADG than Meatmaster and Damara was not expected as the former breed was bred for 
fast growth rates (Swanepoel, 2006). In the current study, the Dohne Merino was introduced 
into the feedlot weighing between 41.84 - 43.76 kg, which was close to its slaughter weight 
(43.07 – 44.33kg) (Van der Merwe and Brand 2020b). This could mean that it had passed the 
point of inflection on its growth curve, after which the growth rate decreases (Brand et al., 
2017).  
The observed similarity in FCR in Pedi, Damara, Dorper and Meatmaster can be 
attributed to efficient nutrient digestion, and/or utilisation for growth of different body tissues 
(Brand et al., 2017; Claffey et al., 2018; Cannas et al., 2019). Overall, all the breeds exhibited 
FCR within the expected range of 3.5 to 6.9 (average 4.7) for the economic viability of the 
sheep enterprise under feedlot conditions (Lima et al., 2017; Cannas et al., 2019). The observed 
warm and cold carcass weights differences were consistent with reported breed differences in 
final live weights. Animals with higher live weights generally have heavier carcasses than light 
weighted ones, thus tend to have greater muscle deposition, and consequently high slaughter 
weights and heavier carcasses yields (Chikwanha et al., 2019). However, with dressing 
percentage, there are exceptions, for example, Damara had low dressing percentage despite its 
relatively high final live weight. This could be attributed to its long legs, large horns and heavier 
fat tails (Tshabalala et al., 2003; Almeida, 2011) compared to other breeds. In addition, Damara 
was reported to have heavier skins, spleens and livers than the Dorper (Tshabalala et al., 2003). 
Damara are predominantly raised extensively (Almeida, 2011) and according to Yildirim et al. 
(2014) the gastrointestinal tract of extensively produced lambs is more developed, thus, a more 
developed digestive tract will be larger and heavier, leading to a decrease in the dressing 
percentage of the animal.  
Dorper had the highest dressing percentage although its weight gain was not the 
highest and this might be attributed to it being an early maturing breed (Brand et al., 2017). 
Stellenbosch University https://scholar.sun.ac.za
  
84 | P a g e  
 
Animals with more lean muscle tend to have lower dressing percentages (Kennedy, 2019). 
Overall, changes in dressing percentages across breeds could be due to differences in tail, rump 
and/or kidney fat between the indigenous breeds and their exotic counterparts (Wilkes, Hynd 
and Pitchford, 2012; Mohapatra and Shinde, 2018). The dressing percentage reported for all 
the breeds in the current study were all within the 44 – 56% values reported for feedlot lambs 
(Wilkes, Hynd and Pitchford, 2012; Van der Merwe and Brand 2020b). 
The finding that Meatmaster and Damara, had high feed costs than other breeds may 
be credited to their high DMI considering that the price of feed was constant across breeds. 
The high total income reported for the Dohne Merino could be attributed on the greater 
percentages of animals in the A2 class (Table 4.3), which is classed as premium in South Africa 
(van Heerden et al., 2007; Van der Merwe and Brand 2020b). Meatmaster’ s high income was 
comparable to that of Dohne Merino due to its heavier carcasses. Pedi had the least income as 
it had lighter carcasses most (63%) of which fell into lower premium classes A4 to A6. A 
similar trend for total income was observed for income over feed costs and the differences are 
also ascribed to the observed breed differences in carcass weights and classes.  
4.5 Conclusions  
Relative to other breeds, Meatmaster and Damara had the highest DMI and ADG. 
Regarding water and feed efficiencies, Pedi and Damara were superior while Dohne Merino 
was inferior. Dorper, Dohne Merino and Meatmaster had heavier slaughter and carcass weights 
and higher dressing percentages than Damara and Pedi. Dohne Merino had the highest income 
over feed costs followed by Meatmaster, Merino and Dorper. Although Meatmaster had 
somewhat lower economic returns than Dohne Merino, it had comparable carcass attributes 
and better water and feed utilisation efficiency, and growth rates making it a more suitable 
feedlot breed in water-scarce areas. Damara and Pedi had inferior carcass attributes and 
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economic, but they were the most water and feed efficient breeds, which makes them breeds 
of choice under extreme water scarcity conditions, particularly for small-scale feedlotters.  
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Chapter 5: General discussion, conclusions, and 
recommendations 
5.1 General discussion 
The population of South Africa is projected to increase to 65.9 million by 2030  
(StatsSA, 2020), the subsequent increase in demand for food and water prompts research on 
the development of effective water management tools amidst the water scarcity crisis. 
Literature suggests that indigenous breeds can tolerate environmental stresses such as heat, 
feed and water stress better compared to their exotic counterparts (Schoeman and Visser, 1995; 
Mohapatra and Shinde, 2018; Joy et al., 2020). Feedlot finishing of lambs is useful in 
mitigating the effects of heat stress and water scarcity because it ensures that lambs are ready 
for the market in a short rearing period thus reducing the water footprint of the enterprise. In a 
feedlot system, animals are supplied with water and food thus, do not have to expend energy 
searching for these resources (Sejian et al., 2015). In that regard, selection of breeds that 
consume less water and feed in the feedlot could be viable strategies to combat water scarcity 
(Joy et al., 2020). This has led to interest in determining the influence of breed on water and 
feed intake, nutrient digestibility, growth performance and carcass characteristics of South 
African sheep under feedlot conditions.  
Chapter 3 tested the hypothesis that breed had no effect on water balance, nutrient 
intake, nutrient digestibility and utilisation. The observed breed variation in nutrient intake 
were mainly attributed to difference in body weight and frame size across breeds, which 
determines the capacity of feed that can be consumed as well as the maintenance requirements 
(Van der Merwe, 2020). Differences in DM digestibility among the breeds could be attributed 
to increased retention of the more fibrous components in the rumen, increased chewing and 
rumination time and adaptability to intensive or extensive feeding system (Santra, Karim and 
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Chaturvedi, 2002; Wilkes, Hynd and Pitchford, 2012; Akinmoladun et al., 2021). The higher 
N balance in Damara and Meatmaster can be attributed to higher DMI and superior utilisation 
(Geron et al., 2015; Antwi et al., 2020). The higher water balance in Meatmaster and Dohne 
Merino is a function of their increased body weight as water balance and body weight are 
closely related (Abdelatif and Ahmed, 1992; De Albuquerque et al., 2020). 
The hypothesis tested in Chapter 4 was that water intake, growth and carcass attributes 
of South African sheep breeds are not different. The disparities in water intake among the 
breeds is attributed to the differences in body weight and size across breeds, due to the positive 
relationship between water intake and body weight (Schoeman and Visser, 1995). Meatmaster 
and Damara had the highest ADG, and this was largely due to their high DMI. Dohne Merino’s 
low ADG was unexpectedly low and could be due to its high initial weight which indicates that 
it was approaching its mature weight at the beginning of the trial. Thus, it might have already 
passed the maximum point of growth at that stage. Although feed conversion in herbivores is 
depends on body size (Riaz et al., 2014) in the current study the FCR was lowest for the Pedi 
with Dohne Merino having the highest due to differences in maintenance requirement since the 
latter breed had passed the point of maximum growth (Brand et al., 2017). The observed higher 
water to gain ratio in Dohne Merino compared to Pedi is due to the former being a wool breed 
while the latter is a hair sheep. Wool sheep use more water to lower body temperature generated 
by their longer fleece (Al-Ramamneh, Riek and Gerken, 2012) while hair sheep can dissipate 
body heat better (Marai et al., 2007; Macías-Cruz et al., 2018). The lower hot and cold carcass 
weight and dressing percentage observed in Damara and Pedi despite high final live weights 
and ADG in the former breed is due to long legs, large horns, heavier fat tails and skins, spleens, 
and livers (Tshabalala et al., 2003; Almeida et al., 2013). The observed high IOFC in Dohne 
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5.2 Conclusions  
In addition to Meatmaster and Damara having comparable water balance to Dohne 
Merino and Dorper, they had superior nutrient intake, DM digestibility, N balance and growth 
rates. Meatmaster and Dorper had somewhat lower income over feed costs than Dohne Merino 
but had similar carcass attributes and better growth rates and water utilisation efficiency. 
Though Damara and Pedi had inferior carcass attributes and economic returns, they were the 
most water and feed efficient breeds. It was concluded that although Meatmaster had slightly 
lower financial returns than Dohne Merino, it had comparable water balance and carcass 
attributes and better nutrient intake, DM digestibility, N balance, growth rates and water 
utilisation efficiency making it a more ideal feedlot breed in water-scarce areas. 
5.3 Recommendations  
Based on current findings, Meatmaster and Dorper could qualify as ideal large-scale 
feedlot breeds in water-scarce areas of South Africa. Damara and Pedi could be breeds of 
choice under extreme water scarcity conditions, particularly for small-scale feed lotters. 
Therefore, it is recommended that farmers use the current findings to adopt breeds that 
correspond with their production systems and markets. Current results present development 
agents and breeders with opportunity for selective breeding and further development of feedlot 
sheep breeds to cope with water scarcity. 
5.4 Further research 
To further understand differences in nutrient digestion and utilisation, studies to 
determine the effect of breed on rumen pH, ruminal ammonia N, ruminal microbial population 
and diversity are recommended. After which it would be necessary to determine how breed 
influences physicochemical traits, shelf-life stability, fatty acids, volatile compounds and 
sensory attributes of the meat. It would also be interesting to determine how breeds respond to 
the combined effects of water, feed and heat stress prevalent in the dryland areas. To confirm 
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the understanding of mechanisms adopted by animals during extreme weather conditions, 
water and feed restriction and simulated heat wave studies should be conducted to determine 
the potency of these strategies in improving dryland sheep meat production and quality. 
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